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The u n i q ue comb i n a t i o n  of  p r o pe r t ie s  o f  b i py r i d i nium s a l t s  a n d  
t he i r  u se i n  b i o l og i c a l  sys te m s ,  c hem i c a l  re a c t i o n s ,  a n d  as  he r b i c i des  
in  agr i c u l t u re h ave m a de t he m  a d i s covery  of  maj o r  i n te r n a t i o n a l  im­
p o r t a n ce .  The c o n t r ove rsy a b o u t  t he p o s i t i o n  of a t t a c k  o f  the cy a n i de 
i o n  o n  t he p y r i d i ne r i n g a n d  t he d i s c o very  o f  the fo rm a t i o n  of u n s u b ­
s t i t u te d  b i py r i d i n i u m  s a l t s  from t he re a c t i o n  o f  py r i d i n i um s a l t  w i t h  
cy a n i de i o n  o pened a new a rea  o f  re se a r c h .  
T h e  c u r re n t  w o r k  i nv o l ve d  a s t u d y  o f  re a c t i o n s  o f  s u b s t i t u te d  
py r i d i n i u m  s a l t s  w i t h  cy a n i de i o n .  T he s u b s t i t u te d  p y r i d i n i um s a l t s  
we r e  p re p a re d  b y  t h e l i te r a t u re m e t h o d s .  T h e 2 - a n d  3 -
c y a n o py r i d i n i um s a l t s  re a c te d  w i t h  cy a n i de i o n  t o  fo rm 4 - cya n o - 1 , 4 -
d i h y d r o py r i d i ne s .  T he 3 , 4 - d i cy a n o - 1 , 4 - d i h y d r o p y r i d i ne s  were ve ry 
s t a b le ;  t herefo re ,  t hey were i s o l a te d  a n d  c h a r a c te r i ze d. An u n u s u a l  
p r o d u c t ,  1 - me t h y l -2 - o x o - 1 , 2 - d i h y d r o - 4 -pyr i d i ne c a r b o n i t r i le ,  w a s  i s o ­
l a te d  fro m  t he re a c t i o n  o f  1 - met h y l - 2 - cy a n o p yr i d i n i u m  i o d i de w i t h  
cy a n i de i o n .  
T he re a c t i o n  o f  1 - be n zy l - 2 - ( a cy l a m i n o ) p y r i d i n i u m  b r om i de w i t h  
cy a n i de i o n  d i d  n o t  form a 1 , 4 - d i h y d r o p y r i d i ne ;  r a t he r ,  h y d r oge n  
b r om i de was  l o s t  w he n  t he rea c t i o n  m i x t u re was  heated t o  a b o i l  a n d  
x i i i  
1 -b e n z y l p y r id i n i u m - 2- a c y l i mide  w a s  fo r m ed .  T h e  r e a c t i o n  o f  t h e  1 -
b e n z y l - 2 - a c e t y l p y r id i n i u m  s a l t ,  t h e  1 -b e n zy l - 2 - b r o m o p y r id i n i u m  s a l t ,  
a nd t h e  1 - b e n zy l - 2 - e t hy l p y r id i n i u m  s a l t  w i t h  c y a n id e  i o n  fo r m ed c o m ­
p l i c a t ed p rod u c t s  t h at w e r e  n o t  c h a r a c t e r i zed . 
Th e r e a c t i o n s  o f  1 - b e n zy l -2 - m e t h y l p y r id i n i u m  b r o m id e ,  1 -b e n zy l -
2 - ( h yd r o xy m e t h y l ) py r id i n i u m  b r o m id e  a nd 1 - b e n z y l - 2 , 6 -d i m e t h y l ­
p y r i d i n i u m  b r o m i d e  w i t h  c y a n i d e  i o n  i n  w a t e r ,  a c e t o n e ,  
a c e t o n e -w a t e r  o r  95% e t h a n o l  s o l u t i o n s  f o r m ed d a r k  b l u e  o r  g r e e n  
s o l u t i o n s .  E l e c t r o n  s p i n  r e s o n a n ce s p e c t r o s copy  s h owed t h e  p r e s e n c e  
o f  a r ad i c a l  i n  t h e s e  d a r k - b l u e  o r  g r e e n  s o l u t i o n s .  A d a r k  s o l id fo r m ed 
f r o m  t h e  s o l u t i o n s .  O x id a t i o n  o f  t h e  s o l id w i t h  a n  a c e t o n e  a nd 
e t h a n o l i c  i od i n e  s o l u t i o n  o r  a c id i c  e t h a n o l  s o l u t i o n  r e s u l t ed i n  t h e  
f o r m a t i o n  o f  t h e  c o r r e s p o n d i n g n e w ,  1 , 1 ' -d i b e n z y l - 2 , 2 ' ­
b i s ( hyd roxy m e t hy l ) - 4 - 4 ' - b i p y r id i n i u m  d i b r o m id e  75 ,  a nd t h e  k n own 
1 , 1 ' - d i b e nzy l - 2 , 2 ' - d i m e t h y l  - 4 , 4 ' - b i py r id i n i u m  d i b r o m id e ,  a nd 1 , 1 '  
-d i b e n zy l - 2 , 2 ' ,  6 , 6 ' - t e t r a m e t h y l - 4 , 4 ' - b i p y r id i n i u m  d i b r o m id e  
d i m e r s .  
T h e  n e w  d i m e r  7 5  w a s  r edu ced i n  a q u e o u s  s o l u t i o n  a t  p o t e n t i a l  
(E0) o f  a b o u t  - 0 .34V vs  N H E .  I t  was  a l s o  d e b e n zy l a t ed w i t h  t r i p h e n y l ­
p h o sp h i n e  1 n  r e f l u x i n g  D M F  t o  g i v e  2 , 2 ' - b i s ( hyd r o xy m e t h y l ) - 4 , 4 ' ­
b i p y r i d i n e  8 9 .  1 , 1 ' - D i b e n z y l - 2 , 2 ' -d i m e t h y l - 4 , 4 ' - b i p y r i d i n i u m  
d i b r o m i d e  w a s  a l s o  d e b e n z y l a t e d t o  g i v e  2 , 2 ' - d i m e t h y l - 4 , 4 ' ­
b i p y r id i n e ,  w h i c h  was  a c idi fi ed w i t h  h yd r o g e n  c h l o r id e  g a s ,  a nd t h e  
s a l t  2 ' , 2 ' -d i m e t h y l - 4 , 4 ' - b i py r idy l  d i h yd r o c h l o r ide  w a s  fo r m ed .  T h e s e  
w e r e  t h e  f i r s t  r e p o r t  o n  d e b e n zy l a t i o n  o f  b i py r id i n i u m  d i m e r s .  T h e  
r e a c t i o n  o f  8 9  w i t h  c o b a l t  t h i o c y a n a t e  f o r m e d a n e w  2 , 2 ' ­
b i s ( h yd r o xy m e t h y l ) - 4 , 4 ' - b i p y r id i n e  c o b a l t  t h i o c y a n a t e  o c t a h ed r a l  
c o m p l e x .  T h e  r e a c t i o n  o f  2 - ( h yd r o x y m e t h y l ) p y r id i n e  a nd 2 - ( 2 -
h yd r o xy e t h y l ) p y r id i n e  w i t h  c o b a l t  t h i o cy a n a t e  g a v e  t h e  c o r r e sp o nd i n g  
o c t a h ed r a l  c o m p l e x e s .  
INTRODUCTION 
T h e  u n e n d i n g  r e s e a r c h  o n  s y n t h e s i s  a n d  c h a r a ct e r i s t i cs o f  s u b ­
s t i t u t e d  a n d  u ns u b s t i t u t e d  b i py r i d i n i u m  s a l t s  a r i s e s  f rom t h e i r  u s e s  a s  
r e d o x  i n d i c a t o r s  a n d  e l e c t r o n  c a r r i e r s  i n  b i o l o g i c a l  s y s t e m s  [ 1 ] , i n  
c h e m i c a l  r e a c t i o n s  [ 2 ] ,  a n d  a s  h e rb i c i d e s  i n  a g r i c u l t u re [ 3 ] .  D i a l ky l -
4 , 4 ' - b i p y r i d i n i u m  d i h a l i d e s  b e l o n g t o  a u n i qu e  c l a s s  o f  m a t e r i a l s  
w h i c h  c a n  b e  r e d u c e d  a t  p o t e n t i a l s  b e t w e e n  0 . 0  a n d  - l . Ov t o  form 
s t a b l e  c a t i o n  r a d i c a l s .  T h e s e  r a d i c a l s  are  p u r p l e  in  c o l o r ,  h e n c e  t h e i r  
t r i v i a l  n a m e  v i o l og e n s .  I n  a d d i t i o n ,  v i o l o g e n s  h ave  b e e n  u s e d  a s  t h e  
m a i n  c o m p o n e n t  o f  e l e c t r o c h e m i c a l  d i s p l ay c e l l s  [ 4 ] ,  b e c a u s e  t h e  
p a r e n t  d i c a t i o n  i s  w a t e r  s o l u b l e ,  w h e r e a s  t h e  r e d u c e d  m a t e r i a l  
p r e c i p i t a t e s  a n d  i m p a r t s  m e m o ry capa b i l i t i e s  t o  t h e  sy s t e m  ( F i g u r e 
1 ) .  
I t  i s  k n o w n  t h a t a l ky l a t e d  p y r i d i n i u m  s a l t s  a r e  u n s t a b l e  i n  t h e  
p r e s e n c e  o f  n u c l e op h i l e s  [ 5 ] .  I n  t h e  p r e s e n c e  o f  a n u c l e o p h i l e ,  s c r a m ­
b l i n g  o f  t h e  a l ky l  g r o u p s  i s  l i k e l y  t o  occu r i n  sy s t e m s  i n  w h i c h u n sy m ­
m e t r i c a l  pyr i d i n i u m  s a l t s  a r e  u s e d  [ 6 ]  ( F i g u r e  2 ) .  
A c o m p o u n d  c o n t a i n i n g  1 , 1 ' - d i s u b s t i t u t e d - 2 , 2 ' - d i a l k y l - 4 , 4 ' ­
b i py r i d i n i u m  d i h a l i d e  h a s  b e e n  u s e d  a s  a h e rb i c i d e  [ 7 ] ,  a l t h o u gh i t  h a s  
b e e n  s h o w n  t h a t  w h e n  t h e  2 , 2 ' - s u b s t i t u e n t  g r o u p s  a r e  e l e c t r o n  
w i t h d r a w i n g  ( e g .  CN ) ,  t h e  c o m p o u n d  i s  i n ac t i ve  a s  a h e r b i c i d e  [ 8 ] .  
1 , 1 ' - D i s u b s t i t u t e d - 2 , 2 ' - d i a l ky l -4 , 4 ' - b i p y r i d i n i u m  d i h a l i d e s  h av e  a l s o  
b e e n  r e c e n t l y  u s e d  a s  e l e c t r o n  r e l ay s  [ 9 ] ,  a n d  a s  e l e c t r o n - t r a n s fe r 
age n t s  [ 1 0 , 1 1 ,  1 2 ] .  A d d i t i o n  o f  a s u rface  a c t i v e  4 , 4 ' - b i p y ri d i n i u m  
d i c h l o r i d e  i n  a l i q u i d  m e mb r a n e  c o n t a i n i n g  v i t a m i n  K3  ( V K 3 )  h a s  
b e e n  s h ow n  t o  e nh a n c e  t h e  r a t e  o f  e l e ct r o n  t r a n s p o rt fr o m  S2042- t o  
Fe ( C N ) 63 - [ 1 3 ] .  Th e s t r u c t u r e - a c t i v i t y  c o r r e l a t i o n s  o f  a m i n e s  i n h i b i t ­
i n g  a c t i v e  u p t a k e  o f  4 , 4 '- b i p y r i d i n i u m  d i h a l i d e s  i n t o  r a t  l u n g  s l i ce s  
h a s  a l s o  b e e n  s t u d i e d  [ 1 4 ] .  
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T h e r e  h av e  b e e n  m a n y  r e p o r t s  o n  t h e  r e a c t i o n s  o f  1 - a l ky l  o r  a ry l­
s u b s t i t u t e d  py r i d i n i u m  s a l t s  w i t h  cya n i d e  i o n  [ 1 4 - 2 3 ]  a n d  s e v e r a l  d i f­
fe r e n t  o p i n i o n s  have  b e e n  e x p r e s s e d  a b o u t  t h e  p o s i t i o n  o f  a t t a c k .  At 
f i r s t ,  i t  was  b e l i ev e d  t h a t  t h e  a t t a c k  was  a t  t h e  2 - or 6 - p o s i t i o n s  [ 2 4 ,  
2 5 ] ,  y i e l d i ng a 1 , 2  o r  1 . 6 - d i h y d r o p y r i d i n e s ,  1 a n d  2 ( F i g u r e  3 ) ;  b u t  
l a t e r ,  i t  was  s h ow n  t o  i nv o l v e  t h e  4 - p o s i t i o n  [ 2 6 ] ,  y i e l d i n g  a 1 - s u b ­
s t i t u t e d -4 - cy a n o - 1 , 4 - d i h y d r o py r i d i n e  a s  t h e  p r o d u c t .  T h e r e  was  a s u b ­
s t i t u e n t  e ff e c t  w h e n  a l a rge  s u b s t i t u e n t  was  a t t a c h e d  t o  t h e  n i t r o g e n  
[ 2 7 , 2 8 ] .  E l e ct r o n  w i t h d rawi n g  g r o u p s  i n  t h e  3 - a n d  5 - p o s i t i o n s  w e r e  
b e l i e v e d  t o  b e  n e e d e d  f o r  t h e  r e a c t i o n  t o  occu r a n d  t o  s t a b i l i ze  t h e  
p r o d u c t  o n ce i t  w a s  fo r m e d  [ 2 9 ] . 
T h e  f i r s t  d i m e r i z a t i o n  o f  ! - s u b s t i t u t e d  py r i d i n i um s a l t s  w i t h  
s o d ium o r  p o t a s s i u m  cy a n i d e  was  r e p o r t e d  i n  1 9 67 by L.J. W i n t e r s a n d  
c o w o r k e rs [ 3 0 ] . U n d e r  a n a e r o b i c  c o n d i t i o n s ,  u n s u b s t i t u t e d  1 - a l ky l  o r  
1 - a ry l  p y r i d i n i u m  s a l t s ,  3 ,  r e a c t e d  w i t h  s o d i um cy a n i d e  t o  fo rm a d a r k  
s o l i d  i d e n t i f i e d  as  c a t i o n  radica l  4 . Ox i d a t i o n  o f  t h e  r a d i c a l  w i t h  a n  
a l c o h ol i c  i o d i n e  s o l u t i o n ,  o r  w i t h  a i r  i n  a n  a c i d i c  s ol u t i o n  y i e l d e d  t h e  
c o r r e sp o n d i n g  1 , 1  ' - d i su b s t i t u t e d - 4 , 4 ' - b i p y r i d i n i um d i c a ti o n ,  5 ,  ( F i g ­
u r e  4 ) .  T h e  e x p l o r a t i o n  o f  t h e  u s e s  o f  p y r i d i n i u m a n d  4 , 4 ' ­
b i p y r i d i n i u m  s a l t s h a s  c o n t i n u e d  i n  t h e  1 9 8 0 s .  Fu h r h o p  e t  a l  [ 3 1 ]  
r e p o r t e d  t h a t  pyr i d i n i u m  a n d  4 , 4 ' - b i py r i d i n i u m  y li d es o f  l o n g c h a i n  
m a l o n i c  e s t e r s ( s y n t h e s i z e d  fr o m  d i s t e a ry l  b r omom a l o n a t e  a n d  
n i t r o g e n  h e t e r o cy c l e s )  w e r e  v e s i c u l a t i n g  p H  i n d i c a t o r s . Yam am u r a 
a n d  cow o r k e r s  i n  1 9 8 7 ,  r e p o r t e d  a n o v e l  e l e c t r i c  s t imu l u s - r e s p o n s e  
sy s t e m  i n  w h i c h  l i q u i d  crys t a l l i n e  b i p y r i d i n i um s a l t s ,  i n s e r t e d  b e t w e e n  
t w o  N E S A [ I n 2 0 3  - S n 0 2 ]  e l e c t r o d e s ,  c a u s e d  r e m a r k a b l e  e n h a n c e ­
m e n t  o f  t h e  e l e c t r i c  c o n d u c t i v i ty w h e n  a D C  v o l t age  s t imu l u s  o f  1 - 3 0v 
was  ap p l i e d  [ 3 2] .  
R e c e n t l y ,  C h e n  a n d  cowo r k e rs [ 3 3 ]  i nv e s t i g a t e d  t h e  p h o t o c h r o m i c  
b e h a v i o r  o f  pyr i d i n i u m  s a l t s  a n d  p o lypyr i d i n i um s a l t s  u s i n g  p o l y ( 1 -
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RESEARCH AIM 
T h e  a i m  of t h e  r e s e arch  p r e s e n t e d  i n  t h i s  d i s s e r t a t i o n  was  t o  fo r m  
s u b s t i t u t e d  py r i d i n i u m  s a l t s 6 ,  ( F ig u r e  5 ) ,  a n d  t o  r e a c t  t h e  s a l t s  w i t h  
c y a n i d e  i o n  t o  d e t e r m i n e  w h e t h e r  t h ey d i m e r i z e  t o  fo r m  t h e  c o r ­
r e s p o n d i n g  d i m e r s  8 a s  r e p o r t e d  f o r  t h e  r e a c t i o n  o f  t h e  u ns u b s t i t u t e d  
p y r i d i n i u m  s a l t s  w i t h  cy a n i d e  i o n  [ 2 1 ]  ( F i g u r e  6 ) .  T h e  f o c u s  w a s  
p r i m a r i l y  o n  2-s u b s t i t u t e d  p y r i d i n i u m  s a l t s ,  m a i n l y  b e c a u s e  t h e y  h av e  
b e e n  l e a s t  i n v e s t i g a t e d  b y  o t h e r  w o r k e r s .  I n  t h e  c a s e  w h e r e t h e  
d i m e rs h a d  n o t  fo r m e d ,  t h e  p r o d u c t  o f  t h e  r e a c t i o n  was  t o  b e  i s o l a t e d  
w h e n  p o s s i b l e .  F o r  m a n y  y e a r s ,  s u b s t i t u t e d  py r i d i n i u m  s a l t s  h ave  b e e n  
k n own t o  u n d e rgo  r e a c t i o n s  w i t h  cya n i d e  i o n .  T h e  p o s i t i o n  of  a t t a c k  
was  fi r s t  b e l i ev e d  t o  b e  a t  t h e  2 - o r  6 - p o s i t i o n  [ 2 3 ] ,  b u t  l a t er i t  w a s  
s h ow n  t o  i n v o l v e  t h e  4 - p o s i t i o n  y i e l d i n g  d i s u b s t i t u t e d  4 - cya n o - 1 , 4 -
d i hyd ropyr i d i n e  9 ,  a s  t h e  p r o d u c t  [ 2 4 ,  3 4 ]  ( F i g u r e  7 ) .  
T h e  p o s i t i o n  o f  a t t a c k  o f  t h e  cya n i d e  i o n  o n  t h e  su b s t i t u t e d  
pyr i d i n i u m  s a l t s  t o  b e  u s e d  i n  t h i s  r e s e a r c h  w a s  t o  b e  i n v e s t i g a t e d .  T h e  
c h a r a ct e r i s t i cs ( e l e c t r o n  d o n a t i n g  o r  e l e ct r o n  a t t r a c t i n g )  a n d  t h e  p o s i ­
t i o n  o f  t h e  s u b s t i t u e n t  Z o n  t h e  fo r m a t i o n  a n d  s t a b i l i ty  o f  t h e  a d d u c t  
9 was  a l s o  t o  b e  i nv e s t i g a t e d .  I f  d i m e r  fo r m e d ,  t h e  r e a c t i o n  w o u l d  
c o n s t i t u t e  a s h o rt sy n t h e t i c  r o u t e  fo r t h e  p r e p a r a t i o n  o f  s u c h d i m e r s .  
I t  w a s  a l s o  a way o f  p r e p a r i n g  s o m e  d i m e r s  t h a t  wou l d  n o t  h ave  b e e n  
p o s s i b l e  t h ro u g h  o t h e r  s y n t h e t i c  r o u t e s .  T h e  d i m e rs fo r m e d  c ou l d  b e  
u s e fu l  i n  t h e  p r e p a r a t i o n s  o f  o t h e r  i n t e r e s t i n g  m a t e r i a l s  s u c h  a s  
p o l y m e rs o r  m e t a l  c o m p l ex e s .  
I n  1 9 70 ,  Wi n t e r s ,  e t .  a l .  r e p o r t e d  t h e  fo r m a t i o n  o f  a r a d i c a l  c a t i o n  
f r o m  t h e  r e ac t i o n  o f  u n s u b s t i t u t e d  pyr i d i n i u m  s a l t s  w i t h  cy a n i d e  i o n  
(35 ] .  B u t  i n  1 97 7 ,  C a r e y  a n d  cowo r k e rs r e p o r t e d  d i m e r i z a t i o n  o f  u n ­
s u b s t i t u t e d  p y r i d i n i u m  s a l t s  w i t h  p h o s p h i t e  a n d  p h o s p h i n i t e  i o n s  [36 ] 
w i t h o u t  a n y  m e n t i o n  o f  t h e  fo r m a t i o n  of a r a d i c a l  c a t i o n .  A n o t h e r  g o a l  
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Figure 7. Formation of 4-Cyano- 1,4-Dhydropyridine 9. 
1 0  
1 1 
of t h e  p r o p o s e d  r e s e arch  was  t o  d i s c o v e r  i f  r a d i ca l  c a t i o n  7 fo r m e d  
fro m  t h e  r e a ct i o n  o f  s u b s t i t u t e d  pyr i d i n i u m  s a l t s  w i t h  cy a n i d e  i o n .  
T h e  g e n e r a l  app roach  was  t o  s t u d y  t h e  r e a c t i o n  o f  t h e  s u b s t i t u t e d  
pyr i d i n i u m  s a l t  6 w i t h s o d i u m  o r  p o t a s s i u m  cya n i d e  ( F ig u r e  7 ) , fo l ­
l o w e d  b y  t h e  o x i d a t i o n  o f  t h e  p r o d u c t  r a d i ca l  c a t i o n  7 w h e n  fo r m e d .  
T h e  o x i d a t i o n  w a s  to  b e  d o n e  e i t h e r  w i t h  a n  a l co h o l i c  i o d i n e  s o l u ­
t i o n  o r  w i t h  a i r  i n  a n  a c i d i c  s o l u t i o n  t o  fo rm t h e  c o r r e s p o n d i n g s u b ­
s t i t u t e d  b i py r i d i n i u m  s a l t ,  8 .  
T h e  s u b s t i t u t e d  py r i d i n i u m  s a l t s  to  b e  u s e d  a r e: 
1 .  1 -methyl-2-acetylpyrid inium iodide, 10  
2 .  1 -methyl-2-bromopyrid inium iodide, 11 
3. 1 -methyl-2-cy anopyridinium iodide, 12  
4. 1 -methyl-3-cyanopyridinium iodide, 13 
5. 1 -methyl-4-cyanopyridinium iodide, 14 
6. 1-methyl-2,4-dicyanopyridinium iodide, 1 5  
7. 1 -methyl-2,6-dimethylpyridinium iodide, 1 6  
8 .  1-benzy l-2-(acylamino )pyridinium bromide, 1 7  
9. 1 -benzyl-2-bromopyridinium bromide, 18  
10 .  1-benzyl-2-cyanopyridinium bromide, 19  
11. 1 -benzyl-3-cyanopyridinium bromide, 20 
12 .  1 -benzyl-4-cyanopyridinium bromide, 21  
13 .  1 -benzyl-2-ethylpyridinium bromide, 22. 
14  1 -benzyl-2-(2-hydroxyethyl )pyridinium bromide,23 
15 .  1 -benzyl-2-(hydroxymethyl)pyridinium bromide, 24 
1 6. 1-benzyl-2-methylpyridinium bromide, 25 
17.  1 -benzyl-3-methylpyridinium bromide, 26 
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Figure 8. Subti tu ted 1 -Methylpyridinium Iodides. 
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F i gure 9 .  Subst i tuted Pyr i d i n i um Sal t s . 
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Figure 10. Substituted 1-Benzylpyridinium Bromides. 
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Figure 11. Substituted 1-Benzylpridimium Bromides. 
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18.  1 -benzyl-4-methylpyridinium bromide, 27 
19 .  1-benzyl-2,4-dimethylpyridinium bromide, 28 
20. 1 -benzyl-2,6-dimethylpyridinium bromide, 29 
Th e m e t h o d s  o f  p r e p a r a t i o n  o f  s om e  o f  t h e s e  s a l t s  h a ve  b e e n  
r e p o r t e d ;  h o w e v e r ,  s i n c e  t h e  s a l t s  a r e  n o t  av a i l a b l e  comm e r c i a l l y ,  
t h ey h a d  t o  b e  m a d e  by t h e  r e p o r t e d  m e t h o d s .  B e c a u s e  o f  t h e  s e n ­
s i t i v i t y  o f  t h e  i n t e rm e d i a t e  r a d i c a l c a t i o n  t o  oxyg e n ,  a l l  t h e  r e a c t i o n s  
w e r e  t o  b e  r u n  u n d e r  a n i t ro g e n  a tm o sp h e r e .  T h e  r e s u l t i n g  p r o d u c t s  
a ft e r  o x i d a t i o n  w e r e  t o  b e  p a s s e d  t h rough  a n  i o n - e x c h a n g e  r e s i n  t o  
e x c h a n g e  a n y  u n w a n t e d  a n i o n s  for  b r om i d e .  
A s  a r e s u l t  o f  t h e  d i s c o v e r y o f  t h e  h e r b i c i d a l a c t i v i t y o f  
b i p y r i d i n i um s a l t s  b y  B r i a n  a n d  cowo r k e rs i n  1 95 8  [ 3 7 ]  a n d  i t s  ex t e n ­
s i o n  t o  t h e  s u b s t i t u t e d  b i py r i d i n i um s a l t s  [ 3 8 ,  3 9 ,  4 0] ,  m a n y  i nv e s­
t i ga t o rs h a v e  b e e n  i n t e r e s t e d  i n  t h e  syn t h e s i s  o f  n e w  b ipyr i d i n i um 
s a l t s  t h a t  h a v e  h e r b i c i d a l  a c t i v i t y .  S u b s t i t u t e d  a n d  u n s u b s t i t u t e d  
b ipy r i d i n i um s a l t s  t h a t  w e r e  cap a b l e  o f  b e i n g  r e d u c ed i n  a q u e o u s  
s olu t i o n s  a t  p o t e n t i al s  ( E0) o f  a p p r o x im a t e l y  - 0 . 3 5  t o  - 0 . 4 5 v ,  h ave 
b e e n  fo u n d  t o  b e  a c t i ve a s  a h e r b i c i d e  [ 4 1 ,  4 2 ] .  T h e r e fo r e ,  w h e n  a n y  
n e w  d im e r  w a s  m a d e ,  i t s  r e d u c t i o n  p o t e n t i a l  w a s  t o  be  d e t e rm i n e d  t o  
s e e  i f  i t  w a s  p o t e n t i a lly  a c t i v e  a s  a h e rb i c i d e .  F i n a l l y ,  t h e  d im e r s  w h e n  
m a d e ,  c o ul d b e  d e q u a t e r n i z e d  w i t h  t r i p h e n y l p h o sp h i n e  t o  fo rm 
b ipy r i d i n e s  ( F i g u r e  1 2 ) .  The  b i p y r i d i n e  3 0  c o u l d  be p o l ym e r i z e d  o r  
comp l e x e d  w i t h  a m e t al d epe n d i n g  o n  t h e  s u b s t i t u e n t  Z. 





F i gure 1 2 .  General Preparat i on of B i pyri d i ne 30. 
BACKGROUND 
T h e  r e a c t i o n s  o f  s u b s t i t u t e d  p y r i d i n i u m  s a l t s  w i t h  cya n i d e  i o n  h ave  
b e e n  e x t e n s i v e l y  i n v e s t i g a t e d  ( 1 5 - 1 9 , 2 0 ,  2 1 ,  2 3 - 2 9 ,  4 3 - 4 5 ] .  T h e  
c h e m i s t ry o f  t h e s e  s a l t s  h a s  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  i n  a 
r ev i e w  a r t i c l e  [ 4 6 ] ,  a n d  b o o k s  ( 4 4 ,  4 7 ,  4 8 ] .  T h e  i n t e r e s t  i n  t h e s e  s a l t s  
a r o s e  f r o m  t h e  p h y s i o l o g i c a l  a c t i v i t y o f  n i c o t i n a m i d e  a d e n i n e  
d i n u c l e o t i d e  3 1 ,  ( F i g u r e  1 3 ) ,  a n d  t r i p h o s p h o p y r i d i n e  n u c l e o t i d e ,  
N A D  a n d  N A D P  r e s p e ct i v e l y .  
T h e s e  d i n u c l e o t i d e s  a l s o  e x i s t  i n  r e d u c e d  f o r m s ,  N A D H  a n d  
N A D P H .  T h e y a r e  c o e n z y m e s ,  a n d  t h ey fu n c t i o n  b i o l o g i c a l l y  i n  a 
l a rge  n u m b e r  o f  e n zy m a t i c  o x i d a t i o n s  a n d  r e d u c t i o n s  [ 4 8 ] .  T h e r e  h a s  
b e e n  a n  e s t a b l i s h m e n t  o f  t h e  s t r u c t u re o f  N A D H  as  a d e r i v a t i v e  o f  
1 , 4 - d i hy d r o p y r i d i n e  33 [ 1 7 - 1 9 , 4 3 ,  4 9 - 5 3 ]  ( F i g u r e  1 4 ) ,  e q .  1 .  
T h e  r e a c t i o n  o f  py r i d i n i u m  s a l t s  w i t h  cya n i d e  i o n  o r  o t h e r  r e l a t e d  
n u c l e o p h i l e s  w a s  u s u a l l y r e l a t e d  t o  t h e  N A D - N A D H  sys t e m .  I n  1 93 8 ,  
i t  was  r e p o r t e d  t h a t  N A D  r e a c t e d  w i t h  cya n i d e  i o n  t o  f o r m  c o m p l e x e s  
w i t h  u l t r av i o l e t  a b s o rp t i o n  s p e c t r a  r e s e m b l i n g  t h o s e  o f  N A D H .  T h e r e ­
fo r e ,  i t  was  s u gg e s t e d  t h a t  t h e  a d d i t i o n  o f  t h e  cy a n i d e  i o n  t o  t h e  
s u b s t i t u t e d  p y r i d i n i u m  r i n g  o c c u r r e d  a c c o r d i n g  t o  t h e  r e a c t i o n  i n  
e qu a t i o n  2 o f  F i g u r e  1 4  [ 2 5 ] .  
K a r r e r  a n d  c o w o r k e r s  ( 5 1 ,  5 2 ]  i n v e s t i g a t e d  t h e  n a t u r e  o f  t h e  
p r o d u c t s  o b t a i n e d  u p o n  c h e m i c a l  r e a c t i o n  o f  1 - m e t h y l n i c o t i n a m i d e  
w i t h  n u c l e op h i l e s .  T h e y  c o n c l u d e d  t h a t  t h e  c o m p o u n d s  i s o l a t e d  w e r e  
t h e  1 , 2 - a n d  1 , 6 - d i hy d r o  i s o m e r s  by  c o m p a r i ng t h e i r  c h e m i ca l  a n d  
p h y s i ca l  p r o p e r t i e s  t o  t h e  k n ow n  1 ,2 - ,  a n d  1 , 6 - ,  a n d  1 , 4 - d i h y d r o  c o m ­
p o u n d s .  H o w e v e r ,  t h e y  d i d  n o t  a n swe r t h e  q u e s t i o n  o f  w h e t h e r  t h e  2 -
o r  6- p o s i t i o n  w a s  i nv o l v e d .  K n o x  a n d  G ro s s m a n  [ 5 4 ]  s u g g e s t e d  t h a t  
K a r r e r ' s  r e d u c e d  c o m p o u n d s  f o r  t h e  1 - m e t h y l  d e r i v a t i v e s  we r e  t h e  
18 
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Fiugre 14. Oxidized (32) and Reduced (33) 
Forms of the Pyridinium Rings of NAD ( eq 1 )  
Reaction o f  N AD  3 2  with Cyanide ( e q  2) .  
2 1  
1 , 6 - d i hy d r o  n i c o t i n a m i d e .  I t  was  l a t e r  e s ta b l i s h e d  t h a t  t h e  4 - p o s i t i o n  
o f  t h e  n i c o t i n a m i d e  r i n g  w a s  ac tu a l ly t h e  s i t e  o f  r e d u c t i o n  [ 5 3 ] .  
P r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r o s copy c o n fi r m e d  t h e  
s t r u c t ur e  o f  t h e  1 , 4 - d i hy d r o p yr i d i n e  33. B y  r e d u c i ng n i c o t i n a m i d e  
m e t h i o d i d e  w i t h  d i t h i o n i t e  i n  d e u t e r i u m ox i d e  a n d  c o m p a r i n g  i t s  
s p e c t r u m  w i t h  t h a t  o f  t h e  2 - a n d  6 - d e u t e r a t e d  1 - m e t h y l - 1 , 4 -
d i h y d ro n i co t i n a m i d e s ,  c o m p o u n d  33 ( R  = C H 3 )  was  e s t a b l i s h e d  a s  t h e  
1 , 4 - d i h y d r o  s t r u c t u r e .  T h e  s p e c t r u m  o f  1 - m e t h y l - 4 - d e u t e r o - 1 , 4 -
d i h y d r o n i c o t i n a m i d e  a n d  t h e  s p e c t r u m  o f  1 - m e t h y l - 1 , 4 -
d i h y d ro n i co t i n a m i d e  w e r e  c o m p a r e d  a n d  f o u n d  t o  b e  d i ff e r e n t .  
I t  w a s  f o u n d ,  i n  1 9 5 1 ,  t h a t  t h e  a b i l i t y o f  1 - s u b s t i t u t e d  
n i c o t i n a m i d e  c o m p o u n d s  32 t o  fo r m  a c o m p l e x  w i t h  cy a n i d e  i o n  was a 
g e n e r a l  p r o p e r t y .  C y a n i d e  i o n  a l t e r e d  t h e  u l t r a v i o l e t  a b s o rp t i o n  
s p e c t r u m  o f  t h e s e  c o m p ou n d s  i n  two ways : i .  I t  was  fo u n d  t o  l o w e r  t h e  
p e a k  a t  2 6 0  n m  b y  a b o l i s h i n g t h e  c o n t r ibu t i o n  o f  t h e  py r i d i n i u m  r i n g  
a t  t h i s  wave l e n g t h .  i i .  I t  w a s  fou n d  t o  c a u s e  t h e  a p p e a r a n ce o f  a n e w  
p e a k  a t  3 2 5  n m .  A d d i t i o n  o f  cya n i d e  i o n  r e s u l t e d  i n  a s p e c t r u m  
w h i c h  r e s e m b l e d  t h a t  o f  N A D H  a n d  s h owed  d i m i n i s h e d  a b s o rp t i o n  a t  
260 nm and a n e w  p e a k  at  3 40 nm,  when c o m p a r e d  t o  NAD.  B e c a u s e  
t h e  s p e c t r a o f  n i c o t i n a m i d e ,  1 - m e t hy l n i c o t i n i c  a c i d ,  a n d  t h e  r e d u c e d  
N A D  w e r e  n o t  affe c t e d  b y  cy a n i d e  i o n , i t  was  c o n c l u d e d  t h a t  b o t h  t h e  
a m i d e  a n d  t h e  q u a t e r n ary  n i t r oge n i n  t h e  r i n g w e r e  e s s e n t i a l  f o r  t h e  
r e a c t i o n  w i t h  cy a n i d e  i o n  [ 2 6 ] .  
I t  h a s  b e e n  b e l i e v e d  fo r m a ny y e a r s  t h a t  t h e  a d d i t i o n  o f  cy a n i d e  
i o n  t o  N A D  occu r r e d  a t  t h e  2 - o r  6 - p o s i t i o n  o n  t h e  b a s i s  o f  t h e  i n ­
d i r e c t  e v i d e n c e  o f  K a r r e r  e t  a l  [ 5 2 ] ,  w h o  c l a i m e d  t h a t  t h e  r e d u c t i o n  o f  
N A D  o c c u r r e d  a t  o n e  o f  t h e s e  two  s i t e s .  A ft e r  P u l l m a n  a n d  cowo r k e rs 
[ 5 3 ]  r e p o r t e d  t h a t  t h e  r e d u c t i o n  o f  N A D  occu r r e d  a t  t h e  4 - p o s i t i o n  o f  
t h e  n i c o t i n a m i d e  m o i e ty ,  i t  b e c a m e  v e ry i n t e r e s t i n g  t o  f i n d  t h e  s i t e  o f  
c y a n i d e  i o n  a d d i t i o n t o  N A D .  A p r o c e d u r e a n a l o g o u s  t o  t h a t  o f  
P u l l m a n  for  t h e  i nv e s t i ga t i o n  o f  t h e  s t r u c t u r e  o f  N A D H  was  u s e d  t o  
d e t e r m i n e  t h at t h e  a t t a c k  o f  cy a n i d e  i o n  was  a t  t h e  4 - p o s i t i o n  o f  t h e  
pyr i d i n i u m  s a l t  [ 2 7 ] .  I n  a s t u d y  o f  t h e  e ffe c t  o f  p H  a n d  cy a n i d e  i o n  
c o n c e n t r a t i o n  o n  t h e  r a t e  a n d  e x t e n t  o f  r e a c t i o n  o f  cya n i d e  i o n  w i t h  
N A D  [ 2 6 ] ,  i t  w a s  fou n d  t h a t  w h e n  t h e  p H  w a s  i n c r e a s e d ,  t h e  r a t e  at 
2 2  
w h i c h  t h e  c o m p l e x  f o r m e d  a n d  t h e  a m o u n t  o f  c o m p l e x  fo r m e d  a l s o  
i n c r e a s e d .  T h e  N A D - CN c o m p l e x  w a s  u n s t a b l e  a n d  d i s s o c i a t e d  r a p i d l y 
w h e n  t h e  cya n i d e  i o n  c o n c e n t r a t i o n  was  l o w e r e d  a n d  was  d e s t r oy e d  by 
ac id  a t  room t e m p e r a t u r e .  N o  a t t e m p t  was  m a d e  t o  i s o l a t e  the  c o m ­
p l e x  b e ca u s e  o f  i t s  i ns t a b i l i ty .  
P i e t r o  ( 2 7 ]  i s o l a t e d  2 - a n d  6 - p y r i d o n e s  c o n t a1 nmg e q u a l  a m o u n t s  
o f  d e u t e r i u m  f r o m  t h e  r e a c t i o n  o f  N A D  w i t h  cy a n i d e  i o n  i n  d e u t e r i u m  
o x i d e  ( F i g u r e  1 5 ) .  S i n ce t h i s  i n d i ca t e d  t h a t  t h e  2 - o r  6 - p o s i t i o n s  d i d  
n o t  c o n t a i n t h e  d e u t e r i u m ;  t h e r e fo r e ,  t h e  d e u t e r i u m  m u s t  b e  l o c a t e d  
a t  t h e  4 - o r  5 -p o s i t i o n s .  B u t  t h e  5 - p o s i t i o n  was  a n  e x t r e m e l y u n l i k e l y  
s i t e  f o r  cy a n i d e  i o n  a d d i t i o n  b e c a u s e  o f  e l e c t r o n i c  c o n s i d e r a t i o n s .  
T h e r e  w a s  a t r a n s fe r  o f  d e u t e r i u m  i n  a n  e n z y m a t i c  o x i d a t i o n  r e d u c t i o n  
p r o c e s s  b y  a d e u t e r i u m  l a b e l l e d  N A D  3 4, o b t a i n e d  f r o m  t h e  N A D -CN 
c o m p l e x a ft e r  exchange  i n  h e avy wate r  ( F i g u r e  1 5 ) . Because  i t  was  
k n own t hat  the  s i t e  o f  reve r s i b l e  o x i d a t i o n  was  the  4 - p o s i t i o n  o f  the  
n i c o t i n a m i d e  m o i e t y  o f  N A D  [ 5 2 ], t he  d e u t e r i u m  mus t  b e  p r e s e n t  a t  
t h i s  p o s i t i o n .  B a s e d  o n  t h e s e  fi n d i ngs ,  i t  was  c o n c l u d e d  t h a t  cya n i d e  
i o n  m o s t  p r o b a b l y  a d d e d  t o  N A D  at  t h e  4 - p o s i t i o n  o f  t h e  n i c o t i n a m i d e  
m o i e t y .  
T h e r e  was  a l s o  a s t u d y  o n  t h e  a c t i o n  o f  b a s e  o n  N A D  i n  d e u t e r i u m  
o x i d e  i n  t h e  a b s e n c e o f  cy a n i d e  i o n  ( 2 7 ] . T h e  r e s u l t s  s h o wed  t h a t  a 
d e u t e r i u m  a t o m  w a s  p r e s e n t  i n  t h e  2 - p o s i t i o n .  T h e  p r e s e n c e  o f  
d e u t e r i u m  a t  t h i s  p o s i t i o n  w a s  a l s o  s u p p o r t e d  b y  t h e  f a c t  t h a t 
d e u t e r i u m  e x c h a n g e  d i d  occu r a t  t h i s  p o s i ti o n  u n d e r  t h e  a c t i o n  o f  
a l k a l i  i n  o t h e r  p y r i d i n e  d e r i v a t i v e s .  T h i s  p r o p e r ty  was  e x p l a i n e d  by  
the  e l e c t r o n - a t t r a c t i n g  p r o p e r t i e s  o f  the  C N  l i n k age in  the  p y r i d i n e  
r i n g  a n d  w a s  i n c r e a s e d  fu r t h e r  i n  t h e  q u a t e n a ry s a l t s .  S i n c e m i l d  
a l k a l i n e  c o n d i t i o n s  w e r e  u s e d  w i t h  N A D ,  i t  was  l i k e l y  t h a t  o n ly t h e  
h y d r o g e n  a t  t h e  2 - p o s i t i o n  was  s u ffi c i e n t l y  a c t i v a t e d  t o  u n d e rgo e x ­
c h a ng e ,  b e c a u s e  i t  was  a t o  t h e  r i n g  n i t r o g e n  a n d  13 t o  t h e  c a r b ox a m i d e  
g r o u p .  S t u d i e s  b y  K o s o w e r  o n  t h e  r e s u l t s  o f  t h e  a d d i t i o n  o f  
n u c l e o p h i l e s  t o  pyr i d i n i u m  r i ngs  r e v e a l e d  " t h a t  n u c l e o p h i l e s  w h i c h 
f o r m  c h a r g e - t r a n s fe r  c o m p l e x e s  e a s i ly o r  w h i c h  m i g h t  b e  e x p e c t e d  t o  
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Fi gure 15. Oxi dati on - reduct ion Process of a Deuteri um 
Label l ed NAD 34. 
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d o  n o t  f o r m  c o m p lexes ,  o r  d o  s o  o n l y  t o  a very  l i m i te d  exte n t ,  a d d  at  
t he 2 - p o s i t i o n "  ( 4 4 ,  5 5 ] .  T he a b i l i t y  of  a n u c le o p h i le to  re le a se 
e lec t r o n i c  c h a rge de te r m i nes  i t s  a b i l i t y  t o  fo rm a c h a rge t r a n s fe r  c o m ­
p le x .  T he e le c t r o de p o te n t i a l  ( E 0 ) f o r  t he rea c t i o n  
2 X :  � X 2 + 2e -
c o u l d  b e  u se d  as  a mea s u re o f  t he a b i l i t y  t o  d o n a te a c h a rge a n d  w a s  
t he refore a n  e s t i m a te o f  t he a b i l i ty o f  a n u c leo p h i le t o  for m  a c h a rge ­
t r a n s fe r  c o m p lex ( 5 5 ] .  B a se d u p o n  t he re s u l t s  o f  H aw t h o r ne ,  e t .  a l ,  
cy a n i de i o n  was  a s s i gned a n  e lec t o de p o te n t i a l  ( E0 ) v a l ue o f  - 0 . 5 6v 
( 5 6 ] .  T he g r o u p s  w h i ch release c h a rge a l m o s t  a s  we l l  a s  i o d i ne i o n  ( E0 
= - 0 . 5 3 ]  w a s  expe cted t o  f o r m  a c o mp lex .  Therefore, cy a n i de i o n  was  
expe cte d t o  fo r m  a c o m p lex and add t o  p y r i d i n i u m  i o n  ex c l u s i ve l y  a t  
t he 4 - p o s i t i o n .  H o weve r ,  a m i x t u re of  an  a q ue o u s  s o l u t i o n  o f  1 -
a l k oxy -pyr i d i n i u m  s a l t  w i t h  p o t a s s i u m  cya n i de s o l u t i o n  p r o d u ce d  a 
m i x t u re o f  p r o d u c t s  [ 2 8 ,  2 9 ] .  C o m p a r i s o n  o f  t he s t r u c t u re o f  t he 
p r o d u c t s  w i t h  a u t he n t i c  s a m p le s  o f  2 - a n d  4 - cya n o py r i d i nes  de te r­
m i ne d  t he i r  s t r u c t u re s  [ 2 8 ]  ( F i g u re 1 6 ) .  
A c a refu l  u l t r a v i o let  spe c t r o s co p i c  i n ves t i g a t i o n  o f  t he re a c t i o n  o f  
1 - met h o x y - 3 - c a r b oe t h oxypyr i d i n i u m  met h o s u l fate 3 6  w i t h  cy a n i de 
i o n  i n  wa ter was  i n ve s t i g a ted [ 2 0 ] .  An  a b s o rp t i o n  pe a k  d ue t o  t he 
forma t i o n  o f  1 , 4 - a n d  1 , 6 - d i hy d r o  type s t r u c t u res  3 7  a n d 3 7 a  appeared 
a t  382 nm u p o n  a d d i t i o n  o f  t he p o t a ss i u m  cy a n i de s o l u t i o n ;  t h i s  pe a k  
d i s a p pe a re d  s l o w l y  w i t h  t he f o r m a t i o n  o f  t h e  s pe c t r u m  o f  t he 
p r o d u c t s  3 8  a n d  3 9  re s pe c t i ve l y  ( 2 0 ]  ( F i g u re 1 7 ) .  T he p rev i o u s l y  
p r o p o sed me c h a n i s m  ( 2 9 ] ,  i n  w h i c h t he i n i t i a l  d i hy d r o  c o m p o u n d s  3 7  
a n d  3 7 a  i r reve r s i b l y  de c o m p ose d  t o  fo r m  t he 4 - a n d  6 - cy a n o py r i d i nes, 
was  s u p p o rte d  b y  t hese re su l t s .  A 6 0° i n c rease i n  te m pe r a t u re a n d  a n  
i n c re a se i n  p o l a r i t y  o f  t he s o l ve n t  i n c r e a s e d  t he r a t i o o f  4 - / 2 -
p r o d u c t s .  
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R e a c t i o n o f  1 - M e t h o x y p y r i d i n i u m  D e r i v a t i v e s  w i t h  P o t a s s i u m  
Cyan i d e  ( in 7 0 %  d i oxane a t  2 3 ° ) 
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* 33% of 6-cyanomethyl-2-picoline was also isolated. 
Figure 1 6: Reaction of 1 -Methoxypyridinium Derivatives with Cyanide. 
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Figure 17. Reaction of 1-Methoxy-3-Carboethoxypridimium ion with Cyanide. N 0\ 
27  
There  w a s  a l so  an inc r e a s e  in t h i s  r a t i o  a s  t he  s i z e  o f  the  sub­
s t i tu ent g r o u p  on the  ni t r ogen inc r e a s e d  from m e t h oxy  t o  e t h oxy  t o  









T h i s  l a t t e r  i nc r e a s e  w a s  e x p l a in e d  t o  b e  a r e s u l t  o f  s t e r i c  inh i b i t i on 
o f  a l a rge  g r o u p  t o  t h e  a t t a c k  o f  cyani d e  i on a t  t h e  2 - p o s i t i on ( 29] . 
A s t u dy o f  t h e  r e a c t i on o f  1 - a m inopy r i d ini u m  d e r i v a t i v e s  w i t h  
cy an i d e  i on w a s  a l s o  i nv e s t i g a t e d  ( 2 0 ) .  A l t h o u g h  t h e  m e c h ani s m  
p r o p o s e d  w a s  s i m i l a r  t o  t h a t  f o r t h e  r e a c t i o n o f  t h e  1 -
a l koxypy r i d in i u m  d e r i v a t i v e ,  h ow e v e r ,  t h e  1 - a m inopy r i d in i u m  d e r i v a ­
t i v e s  s h o wed  g r e a t e r  r e a c t i v i ty a t  t h e  4 - p o s i t i on w i t h  cyani d e  i on, 
p o s s i b ly d u e  t o  t h e  s t e r i c  fa c t o r  o f  t h e  1 - a m ino g r o u p  on t h e  2 - c a r b on 
a t o m .  R e a c t i on o f  3 - s u b s t i t u t e d  py r i d ini u m  s a l t s  w i t h  cyani d e  i on in 
m e t h ano l  was r e p o r t e d  by Ly l e  and G a u t h i e r  in 1 96 5  ( 2 3 ) .  T h e y  o b ­
s e rv e d  a c h ange o f  t h e  u l t r av i o l e t  a b s o r p t i on s p e c t r u m  w i t h  t i m e  fo r 
t h e  ini t i a l l y  fo r m e d  p r o d u c t s .  T h e  p e a k  a t  2 6 0 - 2 8 0  nm b and was l o s t  a s  
t he  s o l u t i ons w e r e  a l l owed  t o  s t an d .  A l so ,  t h e r e  was  a s h i ft in an 
a b s o r p t i on b and from 3 2 0  nm t o  3 4 0  nm r e s p e c t i v e l y .  T h e  int e rp r e t a ­
t i on o f  t h e s e  r e s u l t s  w a s  t h a t  t h e  ini t i a l l y  f o r m e d  1 , 6 - d i h y d r o py r i d ines  
(2 6 0 - 2 8 0  n m )  w a s  u n d e r g o i n g  a c o n v e r s i o n t o  t h e  1 , 4 -
d i h y d r o py r i d in e s  ( 3 4 0  n m ) .  T h e  o b s e rv a t i on o f  a c l e an i s o s b e s t i c  
p o int i n  t h e  s p e c t ra m a d e  i t  e v i d ent t h a t  s i m p l e  e qu i l i b r i a  w e r e  in­
v o l v e d  [ 23 ) .  R e v e r s i b i l i ty was  t h e  only  d i ff e r en c e  b e tw e en t h e s e  r e a c ­
t i ons a n d  t h o s e  w h i c h  Jed  l a r g e l y  t o  t h e  1 , 2 - o r  1 , 6 - d i h y d r o p y r i d ines . 
I t  a p p e a r e d  t hat b e c a u s e  o f  t h e  r e v e rs i b i l i ty, t h e  k i ne t i ca l l y  favo r e d  
1 , 6 - p r o d u c t  w a s  c onv e r t e d  t o  t h e  1 , 4 - p r o d u c t  d u e  t o  t h e  t h e r ­
m o dyana m i c  s t a b i l i ty o f  t h e  l a t t e r  und e r  m o s t  r e a c t i on cond i t i ons [ 2 3 )  
(F i g u r e  1 8 ) .  
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Figure 18. Preparation of 1,6-Dihydropyridine and its Conversion 
to the 1,4-Dihydropyridine 
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Lin q u i s t  and C o r d e s  [ 2 1 ]  a s  w e l l  a s  m any o t h e r s  [ 1 5 ,  1 6 ] r e p o r t e d  
t h a t t h e  u l t r a v i o l e t ,  p r o t on m agne t i c  r e s onanc e ,  a n d  m a s s  s p e c t r a  
sugge s t e d  t h a t  t h e  ini t i a l  s i t e  o f  a t t a c k  o f  cyani d e  i o n  on t h e  } - s u b ­
s t i t u t e d  n i c o t ina m i d e  i on in w a t e r  was  a t  t h e  4 - p o s i t i on .  Fo s t e r  and 
F y f e  [ 2 4 ]  d i d  a s t u d y  o f  t h e  a d d i t i on o f  c y a n i d e  i o n  t o  v a r i o u s  
p y r i d ini u m  i ons i n  d i m e t h y l  s u l fo x i d e  s o l u t i on u s ing nu c l e a r  m agne t i c  
r e s onance s p e c t roscopy .  T h e y  found t h e  a d d i t i on t o  o c c u r  m a inly a t  
t h e  4 - p o s i t i o n .  I t  h a s  b e e n a l s o  r e p o r t e d  t h a t 1 - m e t h y l - 3 , 5 -
d i cyanop y r i d ini u m  s a l t  r e a c t e d  w i t h  cyani d e  i on t o  form t h e  2 - a d d u c t  
w h i c h  r e a r rang e d  t o  t h e  4 - a d d u ct u pon h e a t ing [ 1 9 ] .  
A s t u d y  o f  t h e  r e a c t i on o f  cyan i d e  i on w i t h  a n u m b e r  o f  p y r i d in i u m  
s a l t s  t h at d i d  not  h a v e  e l e c t ron-wi t h d r awing s u b s t i t u ents  i n  t h e  3 -
p o s i t i on w a s  r e p o r t e d  by  G a u t h i e r  [ 23 ] .  H e  found t h a t  r e a c t i on o f  
cy ani d e  i on w i t h  1 , 2 - and 1 , 4 - d i m e t h y l p y r i d in i u m  i o d i d e ,  1 - m e t h y l - 4 -
c a r b o m e  t h  o x y p y r i d  i n i u  m i o d i d e ,  1 - m e  t h y l - 3 , 5  - d i p  h e  ny l p y r i  d in i u m 
i o d i d e ,  and 1 - m e t h y l - 2 - b enzo y l py r i d ini u m  i o d i d e  in m e t h anol  d i d  not  
occur  even in the  p r e s ence o f  a tenfo l d  excess  o f  cyani d e  i on. The  l a c k  
o f  r e a c t iv i ty o f  t h e s e  s a l t s  w i t h  cyani d e  i on w a s  n o t  e x p l a ine d on 
s t e r i c  g r ounds  b u t  as a r e s u l t  o f  t h e  r e l a t i v e l y  l ow r e a c t i v i t y  of t h e s e  
c o m pounds  c o m p a r e d  w i t h  p y r i d ini u m  s a l t s  h a v ing s t rong e l e c t r on 
w i t h d raw ing g r o u p  a t  t h e  3 - p o s i t i on. For a v e ry l ong p e r i o d  o f  t i m e ,  i t  
s e e m e d  tha t  a l l  t he  repor t s  in the  l i t e r a t u r e  i m p l i e d  t h a t ,  for  s u c c e s s ­
fu l a d d i t i on o f  cyani d e  i on, t h e  py rid ini u m  i ons m u s t  b e  m a d e  s t r ong ly  
e l e c t r o p h i l i c  b y  a s u b s t i t u ent c a p a b l e  o f  e l e c tr on w i t h d r awa l ,  and t h e  
e l e c t ron w i t h d rawing g r o u p  m u s t  b e  l o c a t e d  on t h e  p y r i d ini u m  s a l t  in 
a p o s i t i on (3 or 5 )  s u c h  t h a t  t h e  d i h y d r o py r i d ine wou l d  s t a b i l i z e  once 
it was fo r m e d .  
H e r m o l in and c ow o r k e r s i n  1 9 8 1  [ 5 7 ]  r e d u c e d  1 - a l k y l - 2 - ( c a r ­
b o m e t h oxy ) py r i d ini u m  i o d i d e  t o  i t s  d i hy d r o  for m  in a c e t oni t r i l e  w i t h  
s o d i u m  a m a l ga m  in t h e  a b s ence  o f  oxygen a t  0 °C .  T h e r e  h av e  b e en 
r e c ent r e p o r t s  fo r u s e  o f  p y r i d in i u m  s a l t s .  In 1 9 8 8 ,  S c h r o t h ,  e t .  a l .  
a d d e d  a p y r i d in i u m  s a l t  t o  a d e p o s i t e d  n i c k l e - i r on a l l oy e l e c t r o l y t e  a t  
4 5 - 7 0°C and p H  3 . 0-3 . 8  and o b t a ined c o r r o s i on- r e s i s t ant l a y e r s  [ 5 8 ] .  
A l s o ,  I g a ra s h i  and cowo r k e r s  i n  1 98 8  found t h a t  1 - a l k y l p y r i d in i u m  
s a l t s  cou l d  b e  a d d e d  t o  a g a s o l ine - m e t h anol -w a t e r  e m u l s i on u s e d  in 
3 0  
b r e a k ing o f  l o w e r  9 5 %  e t h an o l - c ru d e  o i l  o r  gas o l ine-wa t e r  e m u l s i ons 
[ 5 9 ) .  M u c h  of t h e  int e re s t  in t h e  4 , 4 ' - b i py r i dy l s a r o s e  w h en m e t hyl 
v i o l ogen 5 , (  R = CH3) was  d i s c o v e r e d  t o  h ave  p h y t o t o x i c  p r o p e r t i e s  
[ 6 0 , 8 5] ;  i t  a l s o  w a s  d e v e l o p e d  a s  t h e  h e r b i c i d e  P a r aqu a t .  ( 1 , 1 ' ­
d i  rn e thy  1-4 , 4  ' - b i pyr  i d in i u m d i c h  l o  r i d e ) .  
I n  1 9 7 3 ,  J . R .  C a s e  and cowo r k e rs [ 6 1 ]  synt h e s i z e d  1 , 1 ' - d i a l ky l - 2 , 2 ' ­
d i m e t h y l - 4 , 4 ' - b i p y r i d i n i u m  s a l t s ,  4 1 ,  b y  t h e  r e a c t i o n o f  4 , 4 ' ­
b i p y r i d in e s ,  4 0 ,  w i t h  R O S O z O H  ( R  = M e  o r  E t )  o r  t h e i r  s o d i u m  s a l t s  
r e s p e c t i v e l y  ( F i gu re 1 9 ) .  
R .  F i e l d en and L . A .  S u m m e r s [ 8 ]  i n  1 9 7 4  s yn t h e s i z e d  1 , 1 ' ­
d i m e t hy l - 2 , 2 ' - d i cyano - 4 , 4 ' - b i py r i d ini u m  d i c a t i on,  4 3 ,  b y  t h e  r e a c t i on 
o f  4 , 4 ' - b i p y r i d y l - 1 , 1 ' - d i o x i d e ,  4 2 ,  d i m e t h y l  s u l fa t e ,  and p o t a s s i u m  
cyani d e  ( F i g u r e  2 0 ) .  T h i s  c o m p o und,  4 3 ,  w a s  found t o  h ave  m u c h  
h i g h e r  r e d o x p o t ent i a l  t h an 5 ,  ( R = CH3) . T h e  h i g h  r e d o x  p o t e n t i a l  o f  
4 3  c o m p a r e d  w i t h  m e t h y l  v i o l ogen 5 , (  R = CH3)  was  r e p o r t e d  t o  b e  d u e  
t o  t h e  p r e s ence o f  t h e  e l e c t r on w i t h d rawing cyano g r o u p .  Th i s  s a l t ,  4 3 ,  
was a l s o  found t o  b e  ina c t ive  a s  a h e r b i c i d e  w h en t e s t e d  a t  8 l b s/a c r e .  
T h i s  l a c k  o f  h e rb i c i d e  a c t i v i t y  was a t t r i b u t e d  t o  i t s  h i g h  r e d u c t i on 
p o t ent i a l  [ 6 2 ,  6 3 ] .  
In 1 9 7 9 ,  R . D .  B a l anson and cowo r k e rs [ 6] synt h e s i z e d  1, 1 ' - d i b u t y l -
2 , 2'- d i a l ky l - 4 , 4'- b i p y r i d ini u m  d i b r o m i d e ,  4 6 ,  by d i m e r i z ing 4 - b r o m o -
2 - a l ky l  p y r i d ine , 4 4 ,  ( v i a  2 , 2 ' - d i a l ky l - 4 ,  4 ' - b i py r i d in e s ,  4 5 ) ,  fo l l owed  
by a d d i t i on o f  b u ty l  b r o m i d e  (F igure  2 1 ) . As a h i  C h e m i c a l  Ind u s t ry 
C o . ,  L t d .  [ 7 ]  found in 1 9 8 2  t h a t  a com pound conta ining 1 , 1 ' - d i m e t h y l -
2 , 2 ' - d i m e t h y l - 4 , 4 ' - b i py r i d i ni u m  d i c h l o r i d e  w a s  a h e rb i c i d e .  D u e r r and 
cow o r k e r s  [ 9 ]  in 1 9 83  s h owed  t h e  s a m e  c o m p o und to be an e l e c t ron 
r e l ay w h i c h  was  f a s t e r  and m o r e  e ffi c i ent t h an t h e  c l a s s i c a l  s y s t e m  
w i t h  R u ( by P )33+ . N . A .  M c A s k i l l  [ 6 4 )  in 1 9 8 4  d i d  a p u l s e  r a d i o l y s i s  
s t u d y  o f  t h e  r e a c t i ons o f  h y d rogen a t o m s  w i t h  d i rne t hy l - , t e t r a m e t hy l - ,  
and h ex a m e t h y l - s u b s t i t u t e d  v i ologens.  In 1 9 8 5 ,  H .  K a m o gawa and M .  
S u g i y a m a  s t u d i e d  t h e  p h o t o c h r o m i sm o f  b enzyl v i o l ogens c onta ining 
m e t hy l  g r o u p s  on p y r i d ini u m  r ings and e m b e d d e d  i n  s o l i d  p o l y ( l ­
v iny l - 2 -p y r r o l i d one ) m a t r i x  [ 65 ] .  
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F i gure 1 9 .  Preparat i on of Subst i tuted Bi pyri d i n i um Sal t 4 1  
by Case and coworkers . 
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F i gure 2 0 .  Preparati on o f  1 , 1 ' - D i methyl - 2 , 2 ' -D icyano-4 , 4 ' ­
Bi pyri d i n i um Sul fate 43. 
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F i gure 21 . Preparati on of Substi tuted B i pyri d i n i um Sal t 4 6 ,  
by B a  1 anson and coworkers . 
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Int e re s t  in d i m e r i z a t i on o f  p y r i d ini u m  s a l t s  by cyani d e  i on a r o s e  
w h en L .J . Wint e r s  and N . G .  S m i t h  [ 3 5 )  in 1 9 7 0  synt h e s i z e d  1 , 1 ' - d i s ­
u b s t i t u t e d - 4 , 4 ' - b i py r i d ini u m  d i h a l i d e s  5 , (  R = C H 3 ,  P h ,  d o d e cy l ) ,  by 
t h e  r e a c t i on of p y r i d ini u m  s a l t s ,  3, w i t h  s o d i u m  o r  p o t a s s i u m  cy ani d e  
( F i g u r e  4 ) .  S i n c e  t h en ,  m u c h  w o r k  h a s  b e en d one on d i m e r i z a t i on o f  
py r i d ini u m  s a l t s .  In 1 9 7 2 ,  J . G .  Carey  [ 6 6 ]  p r e p a r e d  1 , 1 ' - d i su b s t i t u t e d -
4 , 4 ' - b i p y r i d ini u m  s a l t s  by h e a t ing 1 - s u b s t i t u t e d  p y r i d ini u m  s a l t s  w i t h  
H C N und e r  b a s i c  c o nd i t i ons  ( N H 3, p i p e r i d i n e ,  e t c . ) ,  fo l l o w e d  by  
o x i d a t i on o f  the  int e r m e d i a t e .  R . H .  R e u s s  and  L .J . Win t e r s  [ 67 ]  in  
1 9 73  d i m e r i z e d  1 - ( 4 -p y r i d y l ) pyr i d ini u m  c h l o r i d e ,  4 7, wi th  s o d i u m  
cyan i d e ,  and o x i d i z e d  t h e  int e r m e d i a t e ,  4 8 ,  t o  t h e  c o r r e s p ond ing 4 , 4 ' ­
b i p y r i d ini u m  s a l t ,  4 9 ,  ( F i g u r e  2 2 ) .  J . G .  C a r e y  and J . R .  C a s e  [ 6 8 ]  i n  
1 9 7 7  s ynt h e s i z e d  m e t h y l  v i o l o g e n  5 , (  R = C H 3 )  b y  d i m e r i z i ng 1 -
m e t h y l p y r i d i n i u m  i o n  3 , (  R = C H 3 )  w i t h  d i p h e ny l p h o s p h i n i t e , 
d i p h enyl t h i o p h o s p h in i t e ,  and d i e t h y l  o r  d i p h enyl p h o s p h i t e  ani o n s  i n  
a v a r i e ty o f  s o l v ents  ( F i g u r e  2 4 ) .  A l s o  i n  1 9 7 7 ,  J . G .  C a r e y  and J . R .  
C a s e  [ 6 8 )  d i m e r i z e d  1 - m e t h y l p y r i d i ni u m - 4 - c a r b o x y l a t e ,  5 0 ,  w i t h  
cy a n i d e  i on in d i p o l a r  a p r o t i c  s o lvents  ( F i g u r e  2 3 ) .  T h r e e  p o s s i b l e  
m e c h an i s m s  fo r t h e  d i me r i za t i o n  h ave  b e en p r o p o s e d  [ 1 24 ) .  T h e y  a r e ,  
b e n z o in t y p e  r e a c t i o n s ,  h y d r i d e  t r ansfe r r e a c t i o n s ,  a n d  f r e e  r a d i c a l  
r e a c t i ons .  
Of  t h e s e  t h r e e ,  only  the  benz o i n type  m e c h ani sm has  b e en sup­
p o r t e d  [ 6 8 ) .  In t h e  b e n z o i n  t y p e  m e c h a n i s m  ( F i g u r e  2 4 ) ,  t h e  
nu c l e o p h i l i c  a t t a c k  o f  t h e  cyan i d e  i on at  t h e  2 - and 4 - p o s i t i o n  h a s  
b e e n  d e m on s t r a t e d  [ 2 1 ,  2 3 ,  2 4 ) .  T h e  l o s s  o f  a p r o t on f r o m  9 to  form 
the  c a rbani o n  5 1  s h o u l d  b e  fa c i l e  in the  b a s i c  cyani d e  ion  s o l u t i on 
[ 2 7 ) .  
T h e  r e s u l t ing c a r b ani on c o u l d  a t t a c k  ano t h e r  py r i d in i u m  i o n  t o  
form t h e  1 , 1  ' , 4 , 4 ' - t e t ra h y d r o - 4 , 4 ' - b i py r i d ine , 5 2 .  W h i c h  c an unde rgo 
b a s e  c a t a l y s e d  e l i m in a t i on of  h y d rogen cyani d e  t o  form the 1 , 1 ' - d i s ­
u b s t i  t u  t e d - 2 , 2  ' " d i s u  b s t i  tu  t e d - 1 ,  1 ' - d i h y d r o - 4 , 4  ' - b i p y r i d  i ne ,  5 3 .  O x i d a ­
t i on o f  5 3 ,  by oxygen,  as  r e p o r t e d  [ 6 9 ) ,  c a n  f o r m  t h e  c a t i on r a d i c a l ,  7 .  
S i n c e  N . G .  S m i t h  p r o p o s e d  t h e  a b o v e  m e n t i o n e d  p o s s i b l e  
m e c h ani s m s  fo r d i m e r i za t i on, o t h e r  r e s e a r c h e rs h ave  fo c u s e d  on 
4 8  
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Py 
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F igure 22 . D imeri zat i on o f  1 - ( 4 - Pyridyl ) Pyri d i n i um 
Chl oride 4 7 ,  by Reuss and Wi nters . 
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d e t e rm ining t h e  a c t u a l  m e c h an i s m s  fo r t h e se r e a c t i ons . F o r  e x a m p l e ,  
J . G .  C a r e y  and J . R .  C a s e  [ 6 8 ]  i n  1 9 7 7  p r o p o s e d  t h e  b enzo in type  
r e a c t i on m e c h an i s m  for  the  d i m e r i z a t i on o f  1 - m e t hy l p yr i d in i u m  i on 
3 ,  ( R  = CH3)  w i t h  p h o s p h in i t e  i ons ( F i g u r e  2 5 ) .  T h e y  a l s o  p r o p o s e d  
t h e  s a m e  b enzoin t y p e  m e c h an i s m  for  t h e  d i m e r i z a t i on o f  1 - m e t h y l ­
py r i d in i u m- 4 - carboxy l a t e ,  50  w i t h  cyani d e  i on [ 6 8 ] ,  ( F i g u r e  2 3 ) .  In 
t h e s e  b enzo in t y p e  r e a c t i on m e c h ani s m s  p r o p o s e d  for t h e  d i m e r i za ­
t i on o f  b o t h  c o m p o un d s ,  3 and 5 0 ,  t h e  fo r m a t i on o f  t h e  int e r m e d i a t e s ,  
5 4  and 5 5  ( F i g u r e  2 5 )  w e r e  confi r m e d  b y  t h e  u s e  o f  u l t r a v i o l e t  ( U V )  
and  p r o t o n  n u c l e a r  m a gn e t i c  r e s onance  eH N M R )  s p e c t r o s c o p y .  
T h e r e fo r e ,  a m ong t h e  t h r e e  p o s s i b l e  m e c h ani s m s  p r o p o s e d  by  N . G .  
S m i t h  i n  1 9 7 0 ,  only t h e  b enzoin t y p e  r e a c t i on m e c h an i s m  ( Fi g u re 2 4 )  
h a s  b e en s u p p o r t e d  t o  d a t e .  
Aono and cowo r k e rs in 1 9 8 6  s t u d i e d  t h e  p h o t o r e d u c t i ve p r o p e r t i e s  
o f  v i o l ogens w i t h  N A D P H  as  a r e v e rs i b l e  e l e c t ron d onor ,  u s ing Z n  I I  
m e s o t e t r a p h eny l p o rp h ine t r i su l fona t e  ( ZnTp p S33· ) ,  a n d  h e m a t o p o r ­
p h y r in ( H p )  a s  p h o t o s ens i t i z e r s  o f  t h e  r e a c t i on [ 7 0 ] .  D z a r a e u a  e t  a !  
[ 7 1 ]  p r e p a r e d  po lyv i o l ogens 5 8  and 59  ( F i g u re 2 6 ) ,  b y  t r e a t ing 4 , 4'­
b i p y r i d i ne w i t h  p - x y l y l en e  d i c h l o r i d e  or by  e x c h ange r e a c t i on o f  
2 , 2 ' , 6 , 6 ' - t e t r a p h e n y l - 4 , 4 ' - b i p y r i d i n i u m  d i p e r c h l o r a t e  w i t h  
H 2 N ( C H 2 ) 6 N H 2  They  found t h a t  b o t h  58  and 5 9  p a r t i c i p a t e d  in r e dox 
r e a c t i ons c h a r a c t e r i s t i c  fo r v i o l ogens . 
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Figure 25. Carey Case Mechanism for the Dimerization of 1 -Methylpyridimium 
ion with Phosphinite ions. VJ 00 
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F i gure 26 . Pol yv i ol ogen s ,  Prepared by Ozaraeua et a l . 
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Dequaternizatjon of Pyrjdjnjum Salts 
M any w o r k e rs h ave  focu s e d  on t h e  q u a t e rni z a t i on and d e q u at e r­
n i z a t i on o f  p y r i d ini u m  s a l t s .  In 1 97 3 ,  Au m ann and D e a d ly d e qu a t e r ­
n i z e d  s o m e  1 - m e t h y l p y r i d i n i u m  s a l t s  b y  h e a t i n g  t h e m  i n  
d i m e t h y l f o r m a m i d e  s o l u t i o n u n d e r  r e f l u x .  T h e  r e a c t i o n w a s  
m oni t o r e d  d i re ct l y  by 1 H  N M R  s p e c t r o s c opy  and t h e  d i s a p p e a r ance  o f  
t h e  1 -m e t h y l  p e a k  p l u s  t h e  u p f i e l d  s h i ft o f  t h e  a r o m a t i c  p r o t on s i gn a l s  
in t h e  d e qu a t e rn i z e d  s p e c i e s  ind i c a t e d  t h e  c o m p l e t i on o f  t h e  r e a c t i on .  
K u t n e y  and  G r e e n h o u s e  [ 5 )  t r e a t e d  1 - a l k y l - 3 - s u b s t i t u t e d  
p y r i d i n i u m  h a l i d e  w i t h  1 : 1  e q u i v a l en t s  o f  t r i p h eny l p h o s p h i n e  i n  
a c e t oni t r i l e  a t  1 3 0  - 1 4 0° f o r  one h o u r  and i s o l a t e d  3 - s u b s t i t u t e d  
p y r i d in e s  ( F i g u r e  2 7 ) .  A n  e l e c t r on w i t h d r a w i ng g r o u p  on t h e  
p y r i d ine r ing was  found t o  g r e a t l y  a c c e l e r a t e  t h e  r a t e  o f  d e q u a t e rn i z a ­
t i on .  I t  w a s  a l s o  s h own t h a t  b enzyl g r o u p s  w e r e  m o r e  e a s i l y  r e m o v e d  
t h an t h e  m e t hy l  g r o u p s  ( F i g u r e  2 7 ) .  T h e  r e l a t i v e  r a t e  const ant o f  
d e m e t hy l a t i on o f  1 - m e t h y l py r i d in i u m  s a l t s  w e r e  d e t e rm ined by 1 H  
N M R  w i t h  c o m p e t i t i on t e c hni q u e .  Again,  i t  w a s  confi r m e d  t h a t  t h e  
r e a c t i on w a s  a c c e l e r a t e d  w i t h  e l e ct ron-w i t h d rawing s u b s t i t u ents  on 
t h e  p y r i d ine r ing .  
T h e r e  w a s  a r e p o r t  t h a t  t h e  r e a c t i v i t y of  o r t h o - s u b s t i t u t e d  
p y r i d ines  w a s  d e c r e a s e d  in q u a t e rni z a t i on r e a c t i ons a n d  inc r e a s e d  in 
d e q u a t e rn i z a t i o n  r e a c t i ons [ 73 ] .  A l s a i d i ,  e t .  a l .  s t u d i e d  t h e  d e q u a t e r ­
n i za t i ons  o f  ] - m e t h y l  a n d  1 - b enzy l p y r i d in i u m  s a l t s  w i t h  t r i p h eny l ­
p h os p h ine a t  a m b i ent p r e s s u r e in d i m e t h y l fo r m a m i d e  und e r  r e fl u x .  I t  
w a s  confi r m e d  t h a t  t h e  r a t e  o f  d e m e t hy l a t i on w a s  s l ow e r  t h an t h e  r a t e  
o f  d e b enzy l a t i on .  I t  s e e m s  t h a t  a l l  t h e  d e q u a t e rni z a t i on r e a c t i ons 
r e p o r t e d  so far in t h e  l i t e r a t u r e  h ave  b e en on t h e  p y r i d in i u m  s a l t s ,  
w i t h  no r e p o r t  o n  t h e  b i p y r i d ini u m  s a l t s .  











% Y i e l d s 3 
R X y T° C Ti m e ( b r )  P y r i d in eb R P h P + Y -
P h C h 2  C N  B r  1 3 5 1 9 0  9 8  
CH3 C N  1 3 5  3 8 9  9 7 
P h C H 2  C 2 H s  B r  1 3 5 2 2  8 6  9 2  
C H3 C 2 H 5  I 1 3 5  4 0  6 7  c 
CH3 C 2 H s I 1 5 0  4 6  7 6  9 8  
P h C H 2 C O C H3 B r  1 3 5  1 . 5  9 3  9 6  
a .  I s o l a t e d  y i e l d s .  b .  P y r i d i n e s  i s o l a t e d  a s  t h e i r  c r y s t a l l i n e  
h y r o c h l o r i d e  s a l t s, i d ent i f i e d  by  c o m p a r i s on (nm r ,  t i c )  t o  a u t h en t i c  
s a m p l e s .  c .  P h o s p h oni u m  s a l t  and unr e a c t e d  p y r i d in i u m  s a l t  w e r e  not  
s e p a r a t e d  in t h i s  p a r t i c u l a r  c a s e .  
F i g u r e  2 7 .  D e q u a t e rn i z a t i on o f  } -A l k y l - S u b s t i t u t e d  P y r i d ini u m  
H al i d e s ,  b y  Ku tney and G r e enh o u s e .  
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Form at j on of Com pI exes between Trans j t ion Met a Is and the 
Thiocyanate jon 
T h e r e  h av e  b e e n  m a n y  r e p o r t s  o f  c o m p l e x  fo r m a t i o n  b e tw e e n  
t r a n s i t i o n  m e t a l s  a n d  t h e  t h i o cya n a t e  i o n  ( S CN - )  [ 6 9 , 7 4 - 8 3 ) .  S i n ce 
t h e  t h i ocy a n a t e  i o n  c o u l d  c o o r d i n a t e  t o  a m e t a l t h r o u g h  e i t h e r  o n e  o f  
t h e  e n d  a t o m s ,  a v a r i e ty o f  t r u e  l i n k age i s o m e rs i n v o l v i n g  N C S  g r o u p  
h av e  b e e n  p r e p a r e d .  C l a r k  a n d  Wi l l i a m s  [ 8 3 ]  m e a s u r e d  t h e  i n f r a r e d  
s p e c t r a  o f  s o m e  t e t ra h e d r a l ,  m o n o m e r i c  o c t ah e d r a l  a n d  p o l y m e r i c  o c ­
t a h e d r a l  c o m p l e x e s  o f  c l a s s  A t r a n s i t i o n  m e t a l  i o n s  a n d  s t u d i e d  t h e  
r e l a t i o n s h i p  b e tw e e n  t h e i r  s p e c t r a  a n d  s t e r e o c h e m i s t ry .  I t  w a s  fou n d  
t h a t  t h e  v ( C S )  w e r e  h ig h e r  b y  4 0 - 5 0  c m - 1 f o r  t e t r a h e d r a l  t h a n  for  
o c t a h e d r a l  c o m p l e x e s  o f  t h e  same m e t a l ,  a l t h ou g h  the  v ( C N )  w e r e  
v e ry s i m i l a r for  b o t h .  
M o s t  s t u d i e s  o n  t h e  c o o r d i n a t i o n  o f  t h e  t h i o cy a n a t e  i o n  t o  t r a n s i ­
t i o n  m e t a l s  h a v e  b e e n  d o n e  by  i n fr a r e d  s p e c t r o s c o p y .  T h e  c i s  a n d  
t r a ns i s o m e rs o f  s o m e  c o b a l t  1 1 - i s o t h i o c y a n a t e  c o m p l e x e s  h av e  b e e n  
d i s t i n g u i s h e d  by  i n fr a r e d  s p e c t r a  i n  t h e  v ( C N )  r e g i o n .  T h e  v ( C N )  for  
the  t r a n s  i s o m e r  was  a t  2 1 3 6  c m - 1 w h i l e  the  v ( C N )  for  the  c i s  i s o m e r  
w a s  a t  2 1 2 2 a n d  2 1 1 0 c m - 1 r e s p e c t i v e l y  [ 8 4 ) .  Tu r c o  a n d  Pe c i l e  
r e p o r t e d  t h a t  t h e  p r e s e n c e  o f  o t h e r  l i g a n d s  i n  a c o m p l e x i n f l u e n c es  
the  mode  o f  the  N - C - S  b o n d i n g [ 7 6 ) .  M a n y  l i n k age i s o m e rs i nv o l v i n g 
t h e  N C S  g r o u p  h ave b e e n  p r e p a r e d  s i n c e  1 9 6 3 .  Epps  a n d  M a rz i l l i  [ 8 5 )  
i s o l a t e d  t h re e  l i n k age i s o m e r s  o f  A s P h 4 [ ( Co9D M G ) 2  ( N C S ) 2 ]  ( F i g u r e  
2 8 ) .  I t  w a s  fou n d  t h a t  t h e s e  i s o m e rs e x h i b i t e d  v ( C N )  a t  2 1 1 0  c m - 1 b u t  
w i t h  d i ffe r e n c e s  i n  t h e  i n t e n s i ty o f  t h e  v ( C N )  b a n d .  T h e  ( N C S ,  N C S )  
i s o m e r w a s  t h e  s t r o n g e s t ,  t h e  ( S C N ,  S C N )  c o b a l t  i s o m e r  w a s  t h e  
w e a k e s t ,  a n d  t h e  ( N C S ,  S C N )  i s o m e r  w a s  i n b e twe e n .  
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RESULTS AND DISCUSSION 
1 .  Preparation of Substituted Pyridinium Salts 
A. 1-Methyi-Substituted Pyridinium Iodides. 
T h e  2 , 3 ,  a n d  4 - c y a n o  1 - m e t h y l py r i d i n i u m  i o d i d e s  w e r e  p r e p a r e d  by 
t h e  r e a c t i o n  of m e t h y l  i o d i d e  w i t h  t h e  c o r r e s p o n d i n g  c y a n o py r i d i n e  i n  
d r y  a c e t o n e  fo l l ow e d  b y  r e c r ys t a l l i z a t i o n  f r o m  9 5 %  e t h a n o l - e t hy l  
e t h e r  ( F i g u r e  2 9 ) .  T h e s e  r e a c t i o n s  p r o c e e d e d  s m o o t h l y  i n  8 0 - 9 5 %  
ove r a l l  y i e l d  t o  g i v e  1 - m e t h y l - 2 - cy a n o py r i d i n i u m  i o d i d e  1 2 ,  1 - m e t h y l -
3 - c y a n o p y r i d i n i u m  i o d i d e  1 3 ,  a n d  1 - m e t hy l - 4 - c y a n o p yr i d i n i u m  i o d i d e  
1 4  r e s p e ct i v e l y .  T h e  p r e p a r a t i o n  o f  t h e  s a l t s  1 2  [ 8 6 ] ,  1 3  [ 8 7 ] ,  a n d  1 4  
[ 8 8 ]  h ave  b e e n  r e p o r t e d ,  b u t  i n  d i ffe r e n t  s o l v e n t s .  T h e  u s e  o f  a c e t o n e  
a s  t h e  s o l v e n t  i n  t h i s  c a s e  m a d e  t h e  w o r k - u p  o f  t h e s e  c o m p o u n d s  
e a s i e r .  I n  a c e t o n e ,  t h e  s a l t s  p r e c i p i t a t e d  f r o m  t h e  s o l u t i o n  ev e n  a t  
r e f l u x .  T h e  I R  s p e c t r a  o f  t h e s e  c o m p o u n d s  ( 1 2 ,  1 3 , a n d  1 4 )  s h o w e d  
a b s o rp t i o n s  c h a r a c t e r i s t i c  o f  a r o m a t i c  C - H  s t r e t c h  n e a r  3 0 4 0  c m · 1 
a l i p h a t i c  C - H  s t r e t c h  n e a r  2 9 6 0 - 2 9 8 0  c m · 1 , CN n e a r  2 2 2 0 - 2 2 4 0  c m · 1 , 
C - C ,  a n d  C-N r i n g  s t r e t c h i n g  n e a r  1 6 1 0- 1 6 3 0  c m · 1 , a n d  a C - H  r i n g  
b e n d i n g  n e a r  7 6 0 - 8 3 0  c m · 1 . T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  1 2  i n  
D 2 0  s h o w e d  a d o u b l e t  a t  c5 9 . 2 - 9 . 3 ( l H ,  c a r b o n  6 p r o t o n ) ,  a m u l t i p l e t  
a t  c5 8 . 8 - 8 . 9  ( l H ,  c a r b o n  4 p r o t o n )  a d o u b l e t  a t  c5 8 . 7 - 8 . 8  ( 1 H ,  c a r b o n  
3 p r o t o n ) ,  a m u l t i p l e t  a t  c5 8 . 5 - 8 . 6  ( 1 H ,  c a r b o n  5 p ro t o n ) ,  a n d  a 
s i n g l e t  a t  d 4 . 6  ( 3 H ,  1 - m e t h y l  p r o t o n s ) .  T h e  1 3C N M R  s p e c t r u m  o f  1 2  
e x h i b i t e d  r e s o n a n c e s  a t  1 5 1 .4 ppm ( C- 6 ) ,  1 4 8 . 7  p p m  ( C - 4 ) ,  1 3 6 . 3  p p m  
( C- 3 ) ,  1 3 4 . 0  p p m  ( C - 5 ) ,  1 1 2 . 5  p p m  ( CN ) ;  5 1 . 3 p p m  ( C  o f  1 - C H 3 ) .  
T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  1 3  i n  D M S O - d 6  s h ow e d  a 
s i ng l e t  a t  c5 9 . 8  ( 1 H , c a r b o n  2 - p r o t o n ) ,  a d o u b l e t  a t  c5 9 . 2 - 9 . 3  ( 1 H , 
c a r b o n  6 p r o t o n ) ,  a d o u b l e t  a t  c5 9 . 0- 9 . 1 ( 1 H ,  c a r b o n  4 p r o t o n ) ,  a 
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( 3 H ,  1 - m e t b y l  p r o t o n s ) .  T h e  1 3 C  N M R  s p e c t r u m  o f  1 3  s h o w e d  
r e s o n a n c e s  a t  1 4 9 . 5  p p m  ( C - 2 ) ,  1 4 8 . 9  p p m  ( C - 6 ) ,  1 4 8 . 0  p p m  ( C - 4 ) ,  
1 2 7 . 8  p p m  ( C- 5 ) ,  1 1 3 . 6  p p m  ( C - 3 ) ,  1 1 2 . 0  p p m  ( C N ) ,  4 8 . 6  p p m  ( C  o f  
1 - C H J ) .  T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  1 4  i n  D M S O - d 6  s h ow e d  
a d o u b l e t  a t  o 9 . 3 - 9 . 4  ( 2 H ,  c a r b o n  6 a n d  2 p r o t o n s ) ,  a d o u b l e t  a t  <I 
8 . 7 - 8 . 8  ( 2 H ,  c a r b o n  5 a n d  3 p r o t o n s ) ,  a n d  a s i ngl e t  a t  d 4 . 5  ( 3 H ,  
1 - m e t h y l  p r o t o ns ) .  T h e  1 3 c  N M R  s p e c t r u m  o f  1 4  s h ow e d  r e s o n a n c e s  
a t  1 4 6 . 7  p p m  ( C- 6 ,  C - 2 ) ,  1 3 0 . 2  p p m  ( C - 5 ,  C - 3 ) ,  1 2 6 . 1  p p m  ( C- 4 ) ,  1 1 4 . 5  
p p m  ( C N ) ,  a n d  4 9 . 9  p p m  ( C  o f  1 -C H J )  r e s p e ct i v e l y .  
T h e  1 -m e t hy l - 2 , 4 - d i cy a n o py r i d i n i u m  i o d i d e  1 5  w a s  p r e p a r e d  by  a 
s l i g h t l y  d i ffe r e n t  s y n t h e t i c  r o u t e  ( F i g u r e  3 0 ) .  I t  w a s  p r e p a r e d  i n  6 5 %  
y i e l d  b y  a n e a t  r e a c t i o n  o f  m e t h y l  i o d i d e  w i t h  2 , 4 - d i cyanopyr i d i n e .  
T h e  I R  s p e c t r u m  s h ow e d  a b s o r p t i o n s  c h a r a c t e r i s t i c  o f  a r o m a t i c  C - H  
s t r e t c h  n e a r  3 0 8 0  c m · 1 , a l i p h a t i c  C - H  s t r e t c h  n e a r  2 9 9 0  c m - 1 , -CN n e a r  
224 0 and  2 2 2 0  c m - 1 , C-C a n d  C-N r i n g s t r e t c h i ng n e a r  1 6 60  cm- 1 , a n d  
a C - H  r i n g  b e n d i n g  n e a r  8 5 0  cm- 1 . I t  s h o u l d  b e  n o t e d  t h a t  t h e  c y a n o  
g r o u p  at  c a r b o n  2 of  a l l  t h e  1 - m e t h y l - 2 - c y a n o py r i d i n i u m  i o d i d e s  h ave  
e x t r e m e ly w e a k  a b s o r p t i o n  i n t e n s i t y .  In  the  c a s e  o f  compound  15 ,  t he  
cyano  peaks  a t  2 2 4 0  c m - 1 ( C N a t  C-4 )  a n d  2 2 2 0  c m - 1 ( C N  at  C - 2 )  a re  
a l m o s t  n o t  o b s e rva b l e .  T h e  1 H NMR s p e c t r u m  of  c o m p o u n d  15  i n  
D M S O - d 6  s h ow e d  a d o u b l e t  a t  <I 9 . 6 - 9 . 7  ( 1 H , c a r b o n  6 p r o t o n ) ,  a 
s i ngl e t  a t  o 9 . 5  ( 1 H ,  c a r b o n  3 p r o t o n ) ,  a d o u b l e t  at o 9 . 1 ( 1 H , 
c a r b o n  5 p r o t o n ) ,  a n d  a s i n g l e t  at o 4 . 6  ( 3 H ,  1 - m e t h y l  p r o t o n s ) .  T h e  
1 3 c N M R  s p e c t r u m  o f  1 5  s h ow e d  r e s o n a n c e s  a t  1 4 9 . 2  p p m  ( C - 6 ) ,  1 3 3 . 6 
p p m  ( C - 3 ) ,  1 2 8 . 8  p p m  ( C - 5 ) ,  1 1 2 . 0  p p m  ( CN a t  C-4 ) ,  1 0 9 . 0  p p m  ( C N  at  
C-2)  a n d  4 8 . 6  p p m  ( C  of  1 - C H J ) .  S i n c e only  a s i m i l a r  c o m p o u n d  ( 1 -
m e t hy l -2 , 4 - d i cy a n o p y r i d i n i u m  t os y l a t e )  h a s  b e e n  r e p o r t e d  [ 8 9 ] ,  c o m ­
p o u n d  1 5  was  fu r t h e r  c h a r a c t e r i z e d  by  e l e m e n t a l  a n a l y s i s  a n d  w a s  
fou n d  t o  g i v e  s a t i s fac tory  r e s u l t s .  C o m p o u n d  1 5  d e co m p o s e d  w h e n  
d i s s o l v e d  i n  D M S O - d 6  a n d  a l l ow e d  t o  s i t  f o r  m o r e  t h a n  two  h o u rs .  
T h e  1 -m e t h y l - 2 - a c e t y l , 1 0 ,  1 - m e t hy l - 2- b r o m o , l l ,  a n d  1 - m e t hy l - 2 , 6 -
d i m e t hy l py r i d i n i u m  i o d i d e , 1 6  w e r e  p r e p a r e d  i n  a s y n t h e t i c  r o u t e  
s i m i l a r  t o  t h a t  o f  c o m p o u n d s  1 2 ,  1 3  a n d  1 4 .  T h e  c o r r e s p o n d i n g  2 - s u b ­
s t i t u t e d  p y r i d i n e  w a s  r e a c t e d  w i t h  m e t h y l  i o d i d e  i n  r e fl u x i n g d ry 
a c e t o n e ,  a n d  was  
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r e c ry s t a l l i ze d  fro m  9 5 %  e t h a n o l - e th y l  e t h e r  ( F i g u r e  3 0 ) .  T h e  r e a c ­
t i o n s  r e f l u x e d  f o r  l o n g e r  t i m e  t o  r e a c h  c o m p l e t i o n  d u e  t o  s t e r i c  
h i n d e r a n c e  o f  t h e  py r i d i n e  n i t r oge n e s p e c i a l ly f o r  t h e  fo r m a t i o n  o f  
t h e  2 , 6 - t r i m e t h y l p y r i d i n i u m  s a l t ,  a n d  a l s o  d u e  t o  t h e  e l e c t r o n  
w i t h d r a w i n g a b i l i ty o f  t h e  a c e t y l  g r o u p  a n d  t o  s o m e  e x t e n t ,  t h e  
b r o m i n e  a t o m  [ 9 0 ] .  T h e  l ower  y i e l d s  o f  4 5 - 7 5 % c o u l d  a l s o b e  a r e s u l t  
o f  t h e  s t e r i c  e ff e c t .  Th e p r e p a ra t i o n s  o f  t h e  s a l t s  1 0  [ 9 1 ] , 1 1  [ 9 2 ] ,  a n d  
1 6  [ 9 3 ]  h ave  b e e n  r e p o r t e d .  T h e  I R  s p e ct r a  o f  t h e s e  s a l t s  ( 1 0 , 1 1  a n d  
1 6 ) ,  s h ow e d  a b s o r p t i o n s  c h a r ac t e r i s t i c  o f  a r o m a t i c  C - H  s t r e t c h  n e a r  
2 9 4 8 - 2 9 9 0  c m - 1 , C - C  a n d  C - N  r i n g  s t r e t c h i ng n e a r  1 6 1 4 - 1 63 0  cm- 1 ,  
a n d  a C - H  r i ng b e n d i ng n e a r  7 6 0 - 7 9 0  c m - 1 . 
T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  1 0  i n  D M S O - d 6  s h ow e d  a 
d o u b l e t  a t  o 9 . 2 - 9 . 3  ( 1 H ,  c a r b o n  6 p ro t o n ) ,  a m u l t i p l e t  a t  o 8 . 6 - 8 . 8  
( 2 H ,  c a r b o n  4 a n d  3 p r o t o n s ) ,  a m u l t i p l e t  a t  o 8 . 2 - 8 . 4  ( 1 H ,  c a r b o n  5 
p r o t o n ) ,  a s i n g l e t  at o 4 . 4  ( 3 H ,  1 - C H 3  p r o t o n s ) ,  a n d  a s e c o n d  s i ng l e t  
a t  o 2 . 9  ( 3 H ,  C - C H 3  p r o t o n s ) .  T h e  1 3C N M R  s p e c t r u m  o f  1 0  s h ow e d  
r e s o n a n c e s  a t  1 9 4 . 4  p p m  ( C = O ) ,  1 4 8 . 7  p p m  ( C - 2 ) ,  1 4 7 . 8  p p m  ( C- 6 ) ,  
1 4 6 . 6  p p m  ( C - 4 ) ,  1 2 9 . 3  p p m  ( C- 5 ) ,  1 2 8 . 1 p p m  ( C - 3 ) ,  4 1 . 5 p p m  ( C  o f  
1 - C H 3 ) ,  a n d  3 0 . 3  p p m  ( C- C H 3 ) .  
T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  1 1  a l s o  i n  D M S O-d6  s h ow e d  a 
d o u b l e t  a t  o 9 . 4 - 9 . 5  ( l H , c a r b o n  6 p r o t o n ) ,  a d o u b l e t  a t  o 8 . 4 - 8 . 5  
( 1 H ,  c a r b o n  3 p r o t o n ) ,  a m u l t i p l e t  a t  o 8 . 0 0 - 8 . 3  ( 2 H ,  c a r b o n  5 a n d  4 
p r o t o n s ) ,  a n d  a s i ng l e t  a t  o 4 . 5  ( 3 H ,  1 - m e t h y l  p r o t o n s ) .  I t  w a s  v e ry 
d i ff i cu l t  t o  o b t a i n  1 3c N M R  s p e c t r u m  o f  c o m p o u n d  1 1  b e c a u s e  u n e x ­
p e c t e d  peaks  fo r m e d  a ft e r  a few m i nu t e s  o f  d i s s o l v i n g  the  c o m p o u n d  
i n  D M S O - d 6 .  T h e s e  u n e x p e c t e d  n e w  p e a k s  c o u l d  b e  d u e  t o  a n  e x ­
c h a n ge o f  t h e  h a l o g e n s  ( b r o m i d e  for  i o d i d e  a n d  v i c e  v e r s a ) .  A b e ­
h a v i o r  o f  t h i s  type  h a s  b e e n  o b s e rv e d  a n d  r e p o r t e d  b y  A l s a i d i  e t  a l  
[ 9 3 ] .  T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  1 6  i n  D M S O - d 6  s h owed  a 
m u l t i p l e t  a t  o 8 . 3 - 8 . 5  ( 1 H , c a r b o n  4 p r o t o n ) ,  a d o u b l e t  a t  o 7 . 8 - 7 . 9  
( 2 H ,  c a r b o n s  5 a n d  3 p r o t o n s ) ,  a s i n g l e t  a t  o 4 . 1 ( 3 H ,  1 - m e t h y l  
p r o t o n s ,  a n d  a s i ng l e t  a t  o 2 . 8  ( 6 H ,  m e t hy l  p r o t o n s  a t  c a r b o n  6 a n d  
2 ) .  T h e  1 3 c N M R  s p e c t r u m  o f  1 6  s h ow e d  r e s o n a n c e s  a t  1 5 5 . 7  p p m  
( C - 6 ,  C - 2 ) ,  1 4 3 . 7  p p m  ( C - 4 ) ,  1 26 . 7  ( C - 5 ,  C-3 ) ,  a n d  2 1 . 4 p p m  ( C  o f  C H 3  
a t  6 a n d  2 ) .  
B .  1-Benzyl Substituted Pyridinium Bromides 
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P r e pa r a t i o n s  o f  c o m p o u n d s  1 9 , 2 0 ,  a n d  2 1  w e r e  a c c o m p l i s h e d  by  
r e fl u x i n g  b e nzy l  b r o m i d e  w i t h  the  c o r r e s p o n d i n g c o m m e r c i a l ly av a i l ­
a b l e  c y a n o py r i d i n e  i n  a n h y d r o u s  a c e t o n e  fo l l ow e d  by r e c ry s t a l l i zat i o n 
fr o m  9 5 %  e t h a n o l - e t h y l  e t h e r  ( F i g u r e  3 1 ) . T h e  a c e t o n e  was  p u r i fi e d  
a n d  d r i e d  by  d i s t i l l i ng i t  fr o m  a m i x t u r e  o f  p o t a s s i u m  c a r b o n a t e  a n d  
p o t a s s i u m  p e r m a n g a n a t e ,  a n d  s t o r i n g  i t  ove r p o t a s s i u m  c a r b o n a t e .  
T h e  p o t a s s i u m  c a r b o n a t e  s e rv e d  as  a d ry i n g age n t ,  w h i l e  t h e  p o t a s ­
s i u m  p e r m a n g a n a t e  s e r v e d  a s  a n  o x i d i z i n g  age n t .  I t  o x i d i z e d  a n y  of  t h e  
a c e t o n e  t h a t m a y  h a v e  b e e n  r e d u ce d  t o  t h e  a l c o h o l ,  b a c k  t o  t h e  
a c e t o n e .  I t  was  v e r y  i mp o r t a n t  fo r t h e  a c e t o n e  t o  b e  d ry b e ca u s e  any  
w a t e r  in  t h e  r e a c t i o n  m i x t u r e  p r o d u c e d  h y d r o g e n  b r o m i d e  w h i c h  
r e a c t e d  w i t h  t h e  s u b s t i t u t e d  pyr i d i n e  t o  form t h e  c o r r e s p o n d i n g  s u b ­
s t i t u t e d  p y r i d y l h y d r o b r o m i d e  r a t h e r  t h a n t h e  d e s i r e d  s u b s t i t u t e d  b e n ­
zy lpy r i d i n i u m  b r o m i d e  ( F i g u r e  3 2 ) .  T h e  r e a c t i o n  p r o c e e d e d  s m o o t h l y  
i n  5 0- 9 5 % o v e r a l l  y i e l d .  T h e  l o w  y i e l d  o f  c o m p o u n d  1 9  c o u l d  be  d u e  
t o  s t e r i c  h i n d ra n c e  a n d  t h e  e l e c t r o n  w i t h d r a w i n g  a b i l i ty o f  t h e  cyano  
g r o u p .  The  f a r t h e r  t h e  cya n o  g r o u p  w a s  fr o m  t h e  r e a c t i o n  c e n t e r  
( n i t roge n ) ,  t h e  h i g h e r  t h e  y i e l d  a n d  t h e  fa s t e r  t h e  r e a c t i o n  r e a c h e d  
c o m p l e t i o n .  T h e  p r e p a r a t i o n s  of  t h e  s a l t s  1 9 , 2 0 ,  a n d  2 1  h ave  b e e n  
r e p o r t e d  [ 94 ) .  T h e I R  s p e c t r a  o f  t h e s e  c o m p o u n d s  s h ow e d  a b s o r p t i o n s  
c h a r a ct e r i s t i c  o f  a r o m a t i c  C - H  s t r e t c h  n e a r  3 0 4 0 - 3 0 6 9  e m · \ a l i p h a t i c  
C - H  s t r e t c h  n e a r  2 9 6 0 - 2 9 8 3  c m · 1 , C N  n e a r  2 2 3 4 - 2 2 4 0  c m - 1 , C-C,  a n d  
C - N  r i n g  s t r e t c h i ng n e a r  7 2 0 - 8 1 3  c m - 1 r e s p e c t i v e l y .  T h e  ( C N )  o f  c o m ­
p o u n d  1 9  i s  a g a i n  a l m o s t  u n o b s e rvab l e .  T h e  1 H N M R  s p e c t r u m  of  
c o m p o u n d  19  in  D20 s h owed  a d o u b l e t  a t  o 9 . 2 - 9 . 3  ( l H ,  c a r b o n  6 
p r o t o n ) ,  a m u l t i p l e t  a t  o 8 . 7 - 8 . 8  ( 2 H ,  c a r b o n  4 a n d  3 p r o t o n s ) ,  a 
m u l t i p l e t  a t  o 8 . 4 - 8 . 5  ( 1 H , c a r b o n  5 p r o t o n )  a s i n g l e t  a t  o 7 . 6  ( 5 H ,  
a r o m a t i c  p r o t o n s ) ,  a n d  a s e c o n d  s i n g l e t  a t  o 6 . 2  ( 2 H ,  1 - C H 2  p r o t o n s ) .  
T h e  1 3 c  N M R  s p e c t r u m  o f  1 9  s h ow e d  r e s o n a n ce s  a t  1 5 0 . 9  p p m  ( C - 6 ) ,  
1 4 9 . 8  p p m  ( C - 4 ) ,  1 3 7 . 7  p p m  ( C - 2 ) ,  1 3 4 . 9  p p m  ( C - 3 ) ,  1 3 1 . 9 - 1 3 3 . 3  p p m  
( C - 5  a n d  a r o m a t i c  C ' s ) ,  1 1 3 . 1 p p m  ( C N ) ,  6 7 . 5  p p m  ( C  o f  1 - C H 2 ) .  T h e  
d i ffi c u l t y i n  o b s e r v i n g  t h e  c y a n o  p e a k  o f  c o m p o u n d 1 9  i n  i t s  I R  

















PhCH 2 Br ... ref l u x 
acetone 
PhCH 2Br r ef l u x  
... 















6 / N Br-I 
CH2 I 
Ph 
2 1  
React i ons of 2 , 3 ,  and 4-Cyanopyri d i nes w i t h  
Benzyl Bromide .  





+ HB r fast Q N Br-1 
H 
CH 20H , or 
Figure 32.  Formation of Pyridinium Hydrobrornide Salts. 
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T h e  1 H N M R  s p e c t r u m  for c o m p o u n d  2 0  i n  D M S O - d 6  s h ow e d  a 
s i n g l e t  a t  t5 1 0 . 5  ( 1 H ,  c a r b o n  2 p r o t o n ) ,  a d o u b l e t  a t  o 9 . 7 - 9 . 8  ( 1 H ,  
c a r b o n  6 p r o t o n ) ,  a s e c o n d  d o u b l e t  a t  t5 9 . 2 - 9 . 3  ( 1 H ,  c a r b o n  4 
p r o t o n ) ,  a m u l t i p l e t  a t  o 8 . 3 - 8 . 6  ( 1 H ,  c a r b o n  5 p r o t o n ) ,  a m u l t i p l e t  a t  
o 7 . 3 - 7 . 9  ( S H ,  a r o m a t i c  p r o t o n s ) ,  a n d  a s i n g l e t  a t  o 6 . 1 ( 2 H ,  1 - C H 2  
p r o t o n s ) .  T h e  1 3C N M R  s p e c t r u m  o f  2 0  s h owed  r e s o n a n c e s  a t  1 4 8 . 9  
p p m  ( C - 2 ) ,  1 4 7 . 9  p p m  ( C - 6 ) ,  1 3 3 . 3  p p m  ( C-4 ) ,  1 28 . 7 - 1 2 9 . 2  p p m  ( C - 5  
a n d  a r o m a t i c  C ' s ) ,  1 1 3 . 6  p p m  ( C N ) ,  1 1 2 . 9  p p m  ( C- 3  ) ,  a n d  6 3 . 6  p p m  ( C  
o f  1 - C H 2 ) .  T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  2 1  i n  D M S O - d 6 
s h ow e d  a d o u b l e t  a t  o 9 . 7 - 9 . 8  ( 2 H ,  c a r b o n  6 a n d  2 p r o t o n s ) ,  a d o u b l e t  
a t  o 8 . 7 - 8 . 8  ( 2 H ,  c a r b o n  5 a n d  3 p r o t o n s ) ,  a m u l t i p l e t  a t  o 7 . 1 - 7 . 7  
( S H ,  a r o m a t i c  p r o t o n s ) ,  a n d  a s i n g l e t  a t  o 6 . 2  ( 2 H ,  1 - C H 2  p r o t o n s ) .  
T h e  1 3 C N M R s p e c t r u m  of  2 1  s h owed  r e s o n a n c e s  a t  1 4 6 . 0  p p m  ( C- 6 ,  
a n d  C - 2 ) ,  1 3 3 . 5  p p m  ( C - 5  a n d  C - 3 ) ,  1 2 7 . 2 - 1 3 1 . 2 p p m  ( C - 4  a n d  
a r o m a t i c  C ' s ) ,  1 1 4 . 6  p p m  ( C N ) ,  a n d  6 3 . 6  p p m  ( C  o f  l - C H 2 ) .  
Fo r m a t i o n  o f  c o m p o u n d s  2 2 ,  2 5 ,  2 6 ,  2 7 ,  2 8  a n d  2 9  w a s  a c­
co m p l i s h e d  by r e a c t i n g  b e n zyl  b r o m i d e  w i t h  t h e  c o r r e s p o n d i n g m e t h y l  
pyr i d i n e s  i n  d ry ac e t o n e .  T h e  r e a c t i o n  o f  c o m p o u n d  2 5  w i t h  be nzy l  
b r o m i d e  fo r m e d  o i l s , w h i c h af te r  c o o l i n g  i n  the  r e fr i g e r a t o r ,  cry s t a l ­
l i z e d  t o  a w h i t e  s o l i d .  T h e  s o l i d  w a s  d r i e d  i n  a n  o v e n  a n d  s t o r e d  i n  a 
d e s i c a t o r  b e c a u s e  i t  was  hygrosco p i c .  T h e  r e a c t i o n  o f  c o m p o u n d s  22 
and 2 6  w i t h  b e n zy l  b r o m i d e  a l s o  fo r m e d  a n  o i l  ( F i g u r e  3 3 ) ,  w h i ch 
c ry s ta l l i z e d  o n  c o o l i n g  t o  a w h i t e  s o l i d  t h a t  was  n o t  h y g r o s c o p i c .  B o t h  
2 2 ,  25  a n d  26  w e r e  re crys t a l l i z e d  fro m  a c e t o n i t r i l e .  R e a c t i o n  of  c o m ­
p o u n d s  2 7 ,  2 8 ,  a n d  2 9  w i t h  b e nzy l  b r o m i d e  d i r e c t l y  fo r m e d  w h i t e  s o l i d  
w h i c h w e r e  re crys t a l l i z e d  f rom 9 5 %  e t h a n o l - e t h y l  e t h e r  ( F i g u r e  3 4 ) .  
2 7  a n d  2 8  w e r e  fou n d  n o t  t o  b e  hygrosco p i c ,  w h i l e  2 9  w a s  hygroscop i c .  
T h e s e  r e a c t i o n s  p r o c e e d e d  s m o o t h l y  i n  4 5 - 9 0 %  o v e r a l l  y i e l d :  2 2  
( 7 5 % ) ,  2 5  ( 8 0 % ) ,  2 6  ( 8 5 % ) ,  2 7  ( 9 0 % ) ,  2 8  ( 7 5 % ) ,  a n d  2 9  ( 4 5 % )  r e s p e c ­
t i v e l y .  T h e  v e ry l o w  y i e l d  o f  c o m p o u n d  2 9  c o u l d  aga i n  b e  e xp l a i n e d  b y  
s t e r i c  h i n d e r a n c e  of  t h e  py r i d i n e  n i t r o g e n  by  t h e  two  m e t hy l  g r o u p s  a t  
c a r b o n  two and s i x .  S t e r i c  e ffe c t s  were  v e ry i mp o r t a n t  i n  t h e s e  r e a c ­
t i o n s  a s  c o u l d  b e  s e e n  i n  t h e  c a s e  o f  c o m p o u n d  2 7 ,  w h i c h  h a d  a n  
u n h i n d e r e d  n i t r o g e n  a n d  g a v e  t h e  h i g h e s t  y i e l d  ( 9 0 % ) .  
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Figure 33. Preparation of 1-Benzylpyridinium Salts, 22, 25. and 26. 
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Figure 34. Preparation o f  1 -Benzylpyridinium Salts, 27, 28. and 29. 
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T h e  p r e p a r a t i o n s  o f  t h e  s a l t s 2 2 ,  2 5 ,  2 6 ,  2 7 ,  2 8 ,  a n d  2 9  h ave  b e e n  
r e p o r t e d  [ 95 ,  9 6 ] .  T h e  I R  s p e c t r a  o f  t h e s e  c o m p o u n d s  s h ow e d  a b s o r p ­
t i o n s  c h a r a c t e r i s t i c  o f  a r o m a t i c  C - H  s t r e t c h  n e a r  3 0 6 0 - 3 1 0 0 e m - \ 
a l i p h a t i c  C - H  s t r e t c h  n e a r  2 8 7 9 - 2 9 6 5  c m - 1 • a C - C ,  a n d  C - N  r i n g  
s t r e t c h i ng n e a r  1 6 0 0 - 1 63 5  c m - I , a n d  a C - H  r i ng b e n d i ng n e a r  7 2 0 - 8 0 0  
- 1 1 . em . T h e  H N M R  s p e c t r u m  o f  c o m p o u n d  2 2  s h o w e d  a d o u b l e t  a t  � 
9 . 5 - 9 . 6  ( 1 H ,  c a r b o n  6 p r o t o n ) ,  a s e c o n d  d o u b l e t  a t � 8 . 4 - 8 . 5  ( 1 H ,  c a r b ­
o n  3 p r o t o n ) ,  a m u l t i p l e t  a t  � 8 . 2 - 8 . 3  ( 2 H ,  c a r b o n  5 a n d  4 p r o t o n s ) ,  
a s i ng l e t  a t  � 7 . 4  ( 5 H ,  a r o m a t i c  p r o t o n s ) ,  a s e c o n d  s i n g l e t  a t  � 6 . 1 
( 2 H ,  1 - C H 2  p r o t o n s ) ,  a q u a r t e t  a t  � 3 . 1 1 - 3 . 2  ( 2 H ,  C H 2  o f  e t hy l ) ,  a n d  
a t r ip l e t  a t  � 1 . 1 - 1 . 3 ( 3 H ,  C H 3  o f  e t hy l ) .  T h e  1 3C N M R  s p e c t r u m  
o f  2 2  s h ow e d  r e s o n a n c e s  a t  1 5 9 . 6  p p m  ( C - 2 ) ,  1 4 6 . 2  p p m  ( C - 6 ) ,  1 4 5 . 9  
p p m  ( C - 4 ) ,  1 25 . 7  p p m  ( C- 5 ,  C - 3  a n d  a r o m a t i c  C ' s ) ,  a n d  5 9 . 7  p p m  ( C  
o f  1 - C H 2 ) ,  2 5 . 4  p p m  ( CH 2  o f  e t h y l ) a n d  1 1 . 9  p p m  ( C  o f  C H 3  o f  e t h y l ) .  
T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  2 5  i n  C D C ] J  s h owed  a d o u b l e t  
a t  � 9 . 5 - 9 . 6  ( l H ,  c a r b o n  6 p r o t o n )  a d o u b l e t  a t � 8 . 4 - 8 . 6  ( 1 H ,  c a r b o n  
3 p r o t o n ) ,  a m u l t i p l e t  a t  � 7 . 9 - 8 . 1  ( 2 H ,  c a r b o n  5 a n d  4 p r o t o n s ) ,  a 
s i ng l e t  at � 7 . 3  ( 5 H , a r o m a t i c  p r o t o n s ) ,  a s i ng l e t  a t � 6 . 2  ( 2 H ,  1 - C H 2  
p r o t o n s ) ,  a n d  a t h i r d s i n g l e t  a t  � 2 . 9  ( 3 H ,  c a r b o n  2 m e t h y l  p r o t o n s ) .  
T h e  1 H N M R  s p e c t r u m  o f  c o m p o u n d  26  i n  D M S O - d 6  s h owed  a s i ng l e t  
a t  o 9 . 5  ( 1 H ,  c a r b o n  2 p r o t o n ) ,  a d o u b l e t  a t  � 9 . 3 - 9 . 4  ( 1 H , c a r b o n  6 
p r o t o n ) ,  a s e c o n d  d o u b l e t  a t  � 8 . 5 - 8 . 6  ( 1 H ,  c a r b o n  4 p r o t o n ) ,  a m u l ­
t i p l e t  a t  � 8 . 0 - 8 . 3  ( 1 H ,  c a r b o n  5 p r o t o n ) ,  a s i n g l e t  a t  o 7 . 3 - 7 . 9  ( 5 H ,  
a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  a t  � 6 . 0 0  ( 2 H ,  1 - C H 2  p r o t o n s ) ,  a n d  a 
t h i r d  s i n g l e t  a t  o 2 . 5  ( 3 H ,  c a r b o n  3 m e t h y l  p r o t o n s ) .  T h e  1 H N M R  
s p e c t r u m  o f  c o m p o u n d  2 7  i n  D M S O - d 6  s h ow e d  a d o u b l e t  a t  � 9 . 2 - 9 . 3  
( 2 H ,  c a r b o n  6 a n d  2 p r o t o n s )  a s e c o n d  d o u b l e t  a t  o 8 . 0 - 8 . 1  ( 2 H ,  
c a r b o n  5 a n d  3 p r o t o n s ) ,  a m u l t i p l e t  a t � 7 . 4 - 7 . 6  ( 5 H ,  a r o m a t i c  
p r o t o n s ) ,  a s i ng l e t  a t  o 6 . 0  ( 2 H ,  1 - C H 2  p r o t o n s )  a n d  s e co n d  s i ng l e t  a t  
� 2 . 6  ( 3 H ,  c a r b o n  4 m e t h y l  p r o t o n s ) .  T h e  1 H N M R  s p e c t r u m  o f  c o m ­
p o u n d  2 8  a l s o  i n  D M S O - d 6  s h owed  a d o u b l e t  a t  � 9 . 2 - 9 . 3  ( 1 H , c a r b o n  
6 p r o t o n ) ,  a s i n g l e t  a t  � 8 . 1  ( 1 H ,  c a r b o n  3 p r o t o n ) ,  a m u l t i p l e t  a t  � 
7 . 9 - 8 . 0  ( 1 H ,  c a r b o n  5 p r o t o n )  a s e c o n d  m u l t i p l e t  a t  � 7 . 3 - 7 . 5  ( 5 H ,  
a r o m a t i c  p r o t o n s ) ,  a s i ng l e t  a t � 6 . 0  ( 2 H ,  1 - C H 2  p r o t o n s ) ,  a s i n g l e t  a t  
o 2 . 8  ( 3 H ,  c a r b o n  2 m e t h y l  p r o t o n s ) ,  a n d  a t h i r d s i n g l e t  a t  o 2 . 6  ( 3 H ,  
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c a r b o n  4 m e t h y l  p r o t o n s ) .  T h e  1 3C N M R  s p e c t r u m  o f  2 8  s h o w e d  
r e s o n a n c e s  a t  1 5 8 . 8  p p m  ( C - 2 ) ,  1 5 4 . 0  p p m  ( C - 6 ) ,  1 44 . 9  p p m  ( C-4 ) ,  
1 3 3 . 2 p p m  ( C - 3 ) ,  1 26 . 3 - 1 3 0 . 4  p p m  ( C - 5  a n d  a r o m a t i c  C ' s ) ,  5 9 . 2  p p m  
( C  o f  1 - C H 2 ) ,  2 1 . 1  p p m  ( C  o f  C H 3  a t  C - 2 ) ,  a n d  1 9 . 8  p p m  ( C  o f  C H 3  at  
C-4  ) .  
T h e  1 H N M R  s p e c t r u m  o f  compou n d  2 9  a g a i n  i n  D M S O - d 6  s h owed  
a m u l t i p l e t  a t  o 8 . 5 - 8 . 6  ( 1 H , c a r b o n  4 p r o t o n ) ,  a d o u b l e t  a t  o 8 . 0- 8 . 1  
( 2 H ,  c a r b o n  5 a n d  3 p r o t o n s ) ,  a m u l t i p l e t  a t  o 7 . 4 - 7 . 5  ( S H ,  a r o m a t i c  
p r o t o n s ) ,  a s i n g l e t  a t  o 6 . 0  ( 2 H ,  1 - C H 2  p r o t o n s ) ,  a n d  a s e co n d  s i n g l e t  
a t  o 2 . 8  ( 6 H ,  C H 3  p r o t o n s  a t  c a r b o n  6 a n d 2 ) .  T h e  1 3C N M R  
s p e c t r u m  o f  2 9  s h ow e d  r e s o n a n c e s  a t  1 5 6 . 1  p p m  ( C- 6  a n d  C - 2 ) ,  1 4 5 . 1  
p p m  ( C- 4 ) ,  1 3 2 . 3  p p m  ( C - 3 ) ,  1 2 5 . 5  p p m  ( C- 5  a n d  a r o m a t i c  C ' s ) ,  5 5 . 5  
p p m  ( C  o f  1 - C H 2 ) ,  a n d  2 1 . 0 p p m  ( C  o f  C H 3  a t  C - 6  a n d  C- 2 ) .  
C o m p o u n d s  2 3  a n d  2 4  w e r e  p r e p a r e d  i n  8 0 %  y i e l d  f rom t h e  r e a c ­
t i o n  o f  b e nzy l  b r o m i d e  w i t h  t h e  c o r r e sp o n d i n g  s u b s t i t u t e d  pyr i d i n e  i n  
d ry a c e t o n e ,  fo l l ow e d  by r e c r y s t a l l i z a t i o n  f r o m  9 5 %  e t h a n o l - e t hy l  
e t h e r ( F i g u r e  3 5 ) .  R e a c t i o n  o f  c o m p o u n d  2 3  w i t h  b e n zy l  b r o m i d e  
f o r m e d  a v i s c o u s  o i l ,  w h i c h  crys t a l l i z e d  a ft e r  o n e  h o u r  o f  c o n t i n u o u s  
s t i r r i n g .  2 - ( H y d r oxy m e t h y l ) py r i d i n e  w i t h  b e n zy l  b r o m i d e  fo r m e d  a 
w h i t e  s o l i d  d i re c t l y  i n  r e f l u x i n g .  I t  was  n e c e s s a ry t o  u s e  e x c e s s  s o l v e n t  
( a ce t o n e )  fo r t h i s  r e a c t i o n  b e c a u s e  24  sw e l l e d  w h e n  fo r m e d  i n  t h e  
a b s e n ce o f  e x c e s s  s o l v e n t .  C o m p o u n d  23 h a s  n o t  b e e n  r e p o r t e d  i n  t h e  
l i t e r a t u r e t o  d a t e ,  b u t  24 h a s  b e e n  r e p o r t e d  [ 9 3 ) .  T h e I R  s p e c t r a  o f  23 
a n d  24  s h o w e d  a b s o r p t i o n s  c h a r a c t e r i s t i c  o f  0-H n e a r  3 2 6 0  c m · 1 , 
a r o m a t i c  C - H  s t r e t c h  n e a r  3 00 0 - 3 0 8 0  c m · 1 , a l i p h a t i c  C - H  s t r e t c h  n e a r  
2 8 8 0  c m - 1 ,  C - C  a n d  C - N  r i n g  s t r e t c h i n g  n e a r  1 6 3 0 - 1 64 0  e m · \ a n d  a 
C - H  r i n g  b e n d i n g n e a r  7 3 0 - 7 6 0  c m · 1 r e s p e c t i v e l y .  T h e  1 H N M R  
s p e c t r u m  o f  c o m p o u n d  2 3  i n  D M S O - d 6  s h owed  a d o u b l e t  a t  o 9 . 1 - 9 . 2  
( 1 H ,  c a r b o n  6 p r o t o n ) ,  a t r i p l e t  a t  o 8 . 6 - 8 . 7  ( 1 H , c a r b o n  4 p r o t o n ) ,  a 
m u l t i p l e t  a t  o 8 . 0 - 8 . 2  ( 2 H ,  c a r b o n  5 a n d  3 p r o t o n s ) ,  a s e c o n d  m u l t i ­
p l e t  a t  o 7 . 2- 7 . 4  ( S H ,  a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  a t  o 6 . 0  ( 2 H ,  
1 - C H 2  p r o t o n s ) ,  a b r o a d  p e a k  a t  o 4 . 8 - 5 . 6  ( 1 H ,  0 - H  p r o t o n ) ,  a t r i p l e t  
a t  o 3 . 7 - 3 . 9  ( 2 H ,  C H 2 C H 2 0 H ) ,  
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Figure 35. Preparations of 1-Benzylpyridiruum Salts, 23 and 24. 
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a n d  a s e co n d  t r i p l e t  a t  <5 3 . 2 - 3 . 3  ( 2 H ,  CH2CH 20H ) .  T h e  1 3 c  N M R  
s p e c t r u m  o f  2 3  s h ow e d  r e s o n a n c e s  a t  1 5 7 . 1  p p m  ( C - 2 ) ,  1 4 6 . 2  p p m  
( C - 6 ) ,  1 4 5 . 5  p p m  ( C - 4 ) ,  1 3 3 . 7  p p m  ( C-3 ) ,  1 26 . 0- 1 2 9 . 2  p p m  ( C- 5 ,  a n d  
a r o m a t i c  C ' s ) ,  6 0 . 0  p p m  ( C  o f  1 - C H 2 ) , a n d  5 8 . 9  p p m  ( C  o f  
C H 2 C H 20 H ) ,  3 5 . 1  p p m  ( C  o f  CH2CH20 H ) .  T h e  1 H N M R  s p e c t r u m  o f  
24 a l s o  i n  D M S O - d 6  s h ow e d  a d o u b l e t  a t  <5 9 . 1 - 9 . 2  ( 1 H ,  c a r b o n  6 
p r o t o n ) ,  a t r i p l e t  a t  <5 8 . 6 - 8 . 8  ( 1 H ,  c a r b o n  4 p r o t o n ) ,  a m u l t i p l e t  a t  o 
8 . 0- 8 . 3  ( 2 H ,  c a r b o n  5 a n d  3 p r o t o n s ) ,  a s e c o n d  m u l t i p l e t  a t  <5 7 . 2 - 7 . 4  
( S H ,  a r o m a t i c  p r o t o n s ) ,  a b r o a d  p e a k  a t  <5 6 .3 - 6 . 8  ( 1 H ,  0 - H  p r o t o n ) ,  
a s i n g l e t  a t  <5 5 . 9  ( 2 H ,  1 - CH2 p r o t o n s ) ,  a n d  a s e c o n d  s i n g l e t  a t  <5 4 . 9  
( 2 H ,  C H 20 H ) .  T h e  1 3 c  N M R  s p e c t r u m  o f  24 s h ow e d  r e s o n a n c e s  a t  
1 5 8 . 1  p p m  ( C - 2 ) ,  1 4 6 . 1 p p m  ( C - 6 ) ,  1 3 2 . 9  p p m  ( C - 4 ) ,  1 2 6 . 3 - 1 2 9 . 2  p p m  
( C - 3 ,  C - 5 ,  a n d  a r o m a t i c  C ' s ) ,  5 9 . 2  p p m  ( C  o f  l - C H 2 ) ,  5 8 . 8  p p m  ( C  o f  
C H z O H ) .  C o m p o u n d s  23 a n d  24  w e r e  fu r t h e r  c h a r a c t e r i z e d  b y  
e l e m e n t a l  a n a l y s i s  a n d  w e r e  fo u n d  t o  g i v e  s a t i s fa c t o ry r e s u l t s .  
C o m p o u n d  1 8  w a s  p r e p a r e d  by t h e  r e a c t i o n  o f  b e nzy l  b r o m i d e  w i t h  
2 - b r o m o pyr i d i n e  i n  d ry a c e t o n e .  T h e  w h i t e  s o l i d  o f  1 8 , w h i c h  form e d  
d u r i ng r e fl u x ,  w a s  r e c rys t a l l i ze d  from 9 5 %  e t h a n o l - e t hy l  e t h e r  ( F i g ­
u r e  3 6 ) .  T h e  low y i e l d  o f  6 0 %  o b t a i n e d  c o u l d  be  d u e  t o  t h e  e l e c t r o n  
w i t h d r a w i n g  a b i l i t y o f  b r o m i n e ,  a n d  t h e  s t e r i c  h i n d r a n c e o f  t h e  
pyr i d i n e  n i t r o g e n  b y  b r o m i n e .  C o m p o u n d  1 8  h a s  b e e n  r e p o r t e d  i n  t h e  
l i t e r a t u r e [ 9 7 ) .  T h e  I R  a b s o r p t i o n  s p e c t r u m  o f  1 8  s h ow e d  c h a r a c ­
t e r i s t i c  p e a k s  a t  a r o m a t i c  C - H  s t r e t c h  n e a r  3 1 00 ,  a l i p h a t i c  C - H  s t r e t c h  
n e a r  2 9 9 0  e m · \ a C - C  a n d  C - N  r i n g s t r e t c h i n g  n e a r  1 6 3 0  c m - 1 a n d  a 
C - H  r i n g b e n d i n g  n e a r  760  c m - 1 .  T h e  1 H N M R  s p e c t r u m  i n  D M S O - d 6  
s h ow e d  a d o u b l e t  a t  o ( p p m )  9 . 5 - 9 . 6  ( l H ,  c a r b o n  6 p r o t o n ) ,  a s e c o n d  
d o u b l e t  a t  <5 8 . 7 - 8 . 8  ( l H ,  c a r b o n  3 p r o t o n ) ,  a m u l t i p l e t  a t  <5 8 . 2 - 8 . 5  
( 2 H ,  c a r b o n  5 a n d  4 p r o t o n s ) ,  a s i n g l e t  a t  <5 7 . 4  ( S H ,  a r o m a t i c  
p r o t o n s ) ,  a n d  a s e co n d  s i ng l e t  a t  <5 6 . 1  ( 2 H ,  1 - C H z  p r o t o n s ) .  T h e  1 H 
N M R s p e c t r u m  o f  c o m p o u n d  1 8  i n  D M S O - d 6  d e v e l o p e d  n e w  u n e x ­
p e c t e d  p e a k s  wh e n  t h e  s a m p l e  r e m a i n e d  i n  t h e  t u b e  for  m o r e  t h a n  
o n e  h o u r .  T h e  e x p l a n a t i o n  t o  t h i s  c o u l d  b e  t h a t  t h e  b r o m i n e  a t o m s  
w e r e  e x c h a n g i n g , a n d  a d d i ng t o  d i ffe r e n t  p o s i t i o n s  o n  t h e  py r i d i n e  
r i n g .  
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Figure 36. Preparation of 1-Benzylpyridinium Salts 17 and 18 .  
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The 2 - ( a cy l a m i n o )p y r i d i n e ,  1 7a ,  was  p r e p a r e d  in  8 5  p e r c e n t  y i e l d  
b y  t h e  r e a c t i o n  o f  c o m m e r c i a l l y a v a i l a b l e  2 - a m i n o py r i d i n e  w i t h  
a c e t i c  a n hy d r i d e  ( F i gu r e  3 6 ) .  T h e  w h i te s o l i d  o f  1 7 a  was  r e crys t a l l i ze d  
f rom b e n z e n e - p e t r o l e u m  e t h e r .  C o m p o u n d  1 7 a h a s  b e e n  r e p o r t e d  i n  
t h e  l i t e r a t u r e  [ 9 8 ) . I t s  I R  s p e c t r u m  s h owed  absorp t i o n s  for  N - H  n e ar 
3 2 8 4  c m - 1 , a l i p h a t i c  C - H  s t r e t c h  n e a r  2 9 7 4  c m - 1 , C = O  n e a r  1 6 8 2  c m - 1 , 
a n d  a C - H  r i ng b e n d i n g  n e a r  76 1 c m - 1 . T h e  1 H N M R  s p e c t r u m  o f  1 7 a 
i n  C D C I 3  s h o w e d  a s i n g l e t  a t  o 9 . 6  ( 1 H ,  N - H  p ro t o n ) ,  a m u l t i p l e t  a t  
o 8 . 2 - 8 . 3  ( 2 H ,  carbon  6 a n d  3 p r o t o n s ) ,  a m u l t i p l e t  a t  o 7 . 6 - 7 . 8  ( l H ,  
c a r b o n  4 p r o t o n ) , a t h i r d  m u l t i p l e t  a t  o 7 . 0 - 7 . 1  ( 1 H ,  c a r b o n  5 
p r o t o n ) ,  a n d  a s i n g l e t  a t  o 2 . 2  ( 3 H ,  C H 3  p r o t o n s ) .  T h e  1 3c N M R  
s p e ct ru m o f  1 7 a s h ow e d  r e s o n a n c e s  a t  1 6 9 . 1  p p m  ( C  = 0 ) ,  1 5 2 . 0  p p m  
( C - 2 ) ,  1 4 7 . 8  p p m  ( C - 6 ) ,  1 3 7 . 8  p p m  ( C-4 ) ,  1 1 9 . 1  p p m  ( C-5 ) ,  1 1 3 . 5  p p m  
( C - 3  ) ,  a n d  23 . 8  p p m  ( C  o f  CH 3 ) .  
1 - B e n zy l - 2 - ( a cy l a m i n o ) p y r i d i n i u m  b r o m i d e  1 7  was p r e p a r e d  b y  t h e  
r e a c t i o n  o f  b e n zy l  b r o m i d e  w i t h 2 - ( a cy l a m i n o ) py r i d i n e  1 7 a i n  d ry 
a c e t o n e  ( F i g u r e 3 6 ) .  T h e  b e n z y l  b r o m i d e - a c e t o n e  s o l u t i o n  t u r n e d  
c l o u d y  as  1 7 a w a s  a d d e d .  1 7  p r e c i p i t a t e d  as  a w h i t e  s o l i d  f rom t h e  
a c e t o n e  s o l u t i o n d u r i n g  t h e  r e fl u x i ng .  Co m p o u n d  1 7  w h i c h  h a s  b e e n  
r e p o r t e d  i n  t h e  l i t e r a t u r e [ 9 9 ]  w a s  r e c rys t a l l i z e d  f r o m  95 % e t h a n o l ­
e t h y l  e t h e r  i n  6 5 %  y i e l d .  T h e  l ow y i e l d  cou l d  b e  d u e  t o  s t e r i c  a n d  
r e s o n a n c e  e ff e c t s .  T h e  I R  s p e c t r u m  o f  1 7  s h ow e d  c h a r a c t e r i s t i c  a b ­
s o r p t i o n s  f o r  N - H  n e a r  3 4 3 8  c m - 1 , C = O  n e a r  1 7 1 3  c m - 1 , C-C a n d  C - N  
r i ng s t r e t c h i n g  n e a r  1 6 3 9  c m - 1 a n d  C-H r i ng b e n d i n g  n e a r  7 7 9  c m - 1 . 
T h e  1 H N M R  s p e c t r u m  o f  1 7  i n  D M S O - d 6  s h owed  a s i n g l e t  at o 1 1 . 3  
( 1 H ,  N - H  p r o t o n ) ,  a d o u b l e t  a t  o 9 . 1 - 9 . 2  ( 1 H , carbon  6 p r o t o n ) ,  a 
t r i p l e t  a t  o 8 . 5 - 8 . 6  ( 1 H , c a r b o n  4 p r o t o n ) ,  a d o u b l e t  a t  o 8 . 1 - 8 . 2  
( 1 H ,  c a r b o n  3 p r o t o n ) a  m u l t i p l e t  a t  o 7 . 9 - 8 . 1 ( 1 H , c a r b o n  5 p r o t o n ) ,  
a s i n g l e t  a t  o 7 . 4  ( 5 H ,  a r o m a t i c  p r o t o n s ) ,  a s i n g l e t  a t  o 6 . 1  ( 2 H ,  
1 - C H 2  p r o t o n s ) ,  a n d  a t h i r d  s i n g l e t  a t  o 2 . 2  ( 3 H ,  C - C H 3  p r o t o n s ) .  
T h e  1 3 c N M R  s p e c t r u m  o f  1 7  s h o w e d  r e s o n a n c e s  a t  1 6 9 . 1  p p m  ( C  = 0 ) ,  
1 4 6 . 8  p p m  ( C - 2 ) ,  1 4 6 . 3  p p m  ( C - 6 ) ,  1 4 4 . 8  p p m  ( C-4 ) ,  1 27 . 8 - 1 3 2 . 9  p p m  
( a r o m a t i c  C ' s ) ,  1 24 . 4  p p m  ( C - 5 ) ,  1 23 . 2  p p m  ( C - 3 ) ,  5 9 . 0  p p m  ( C  o f  
1 - C H 2 ) ,  a n d  2 3 . 5  p p m  ( C  o f  C H 3 ) .  C h a r a c t e r i z a t i o n  o f  c o m p o u n d  1 7  
by e l e m e n t a l  a n a l y s i s  gave s a t i s fa c t o ry r e su l t s .  
2 .  Reactions of Cyanide ion with the Substituted Pyrjdjnjum Salts 
A. Reaction of cyanide ion with 1-metbyl-2-cyanopyridinium iodide 1 2  
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1 - M e t hy l - 2 - cy a n o py r i d i n i u m  i o d i d e  was  r e a c t e d  w i t h  p o t a s s i u m  
cya n i d e  i n  w a t e r  t o  g ive  a d a r k  s o l i d .  S i n c e  i t  h a s  b e e n  r e p o r t e d  t h a t  
u ns u b s t i t u t e d  py r i d i n i u m  s a l t s  r e a c t  w i t h  cy a n i d e  i o n  t o  f o r m  a c a t i o n  
r a d i c a l  [ 1 00 ]  o r  1 , 1 ' - d i hy d r o - 4 , 4 ' - d i p y r i d y l s  [ 3 5 ,  6 8 ] ,  t h e  d a r k  s o l i d  
w a s  e x p e c t e d  t o  b e  e i t h e r  t h e  1 , 1 ' - d i m e t h y l - 2 , 2 ' - d i cy a n o - 4 , 4 ' ­
b i py r i d i n i u m  c a t i o n  rad i ca l  6 0  o r  t h e  1 , 1 ' - d i m e t h y l - 2 , 2 ' - d i cy a n o - 1 ' , 1 ' ­
d i hy d r o - 4 , 4 ' - b i p yr i d i n e  6 1  ( F i g u r e  3 7 ) ;  t h e r e fo r e ,  i t  was  i m m e d i a t e l y  
o x i d i z e d  w i t h  i o d i n e  i n  e t h a n o l - a c e t o n e  s o l u t i o n  ( F i g u r e  3 8 ) .  T h e  
a c e t o n e  was  n e e d e d  t o  c o m p l e t e ly d i ss o l v e  t h e  i o d i n e .  T h e  i o d i n e  
s o l u t i o n  w a s  p a s s e d  t h r o u g h  a c o l u m n  o f  i o n  e x c h a n g e  r e s i n  w h i c h  h a d  
p r e v i o u s l y b e e n  s a t u r a t e d  w i t h  b r o m i d e  i o n .  T h e  i o n - e x c h a n g e d  s o l u ­
t i o n w a s  e v a p o r a t e d  t o  d ry n e s s .  T h e  d a r k  b rown s o l i d  w h i c h  r e s u l t e d  
p a r t i a l l y  d i s s o l v e d  i n  w a t e r .  T h e  w a t e r  s o l u t i o n  w a s  w a s h e d  seve ra l  
t i m e s  w i th  m e t h y l e n e  c h l o r i d e ; ev a p o r a t i o n  o f  the  m e t h y l e n e  c h l o r i d e  
p r o d u c e d  a y e l l ow s o l i d  o f  1 - m e t hy l - 2 - o x o - 1 , 2 - d i h yd ro -4 -py r i d i n e  c a r ­
b o n i t r i l e  6 2 ,  i n  2 0 %  ove r a l l  y i e l d .  C o m p o u n d  62  was u s e d  i n  t h e  l i t e r a­
t u r e by To m i sawa and cowo r k e rs i n  1 9 7 9  [ 1 0 1 ]  a s  a d i e n o p h i l e  in  
D i e l s - A l d e r  r e a c t i o n s  fo r the  fo r m a t i o n  o f  i s o q u i n o l o n e s .  T h e i r  u n ­
p u b l i s h e d  r o u t e  r e q u i r e s  f ive - s t e p s  f o r  t h e  syn t h e s i s  o f  62  ( 1 2 5 )  ( F i g ­
u r e  3 8 a ) .  T h i s  w o r k  r e q u i r e s  o n l y  t w o  s t e p s  s t a r t i n g f r o m  
1 - m e  t h y l - 2 - cya  n o p y r i d  i n i u  m i o d  i d e .  
T h e  I R  s p e c t r u m  o f  62  s h owed  a b s o rp t i o n s  c h a r a c t e r i s t i c  o f  CN a t  
2 2 4 0  c m - 1 , C = O  n e a r  1 6 5 0- 1 770  c m - 1 a n d  a C - H  r i n g  b e n d i n g n e a r  780  
c m - 1 . T h e  1 H  N M R  s p e c t r u m  o f  6 2  i n  C D C 1 3  s h ow e d  a d o u b l e t  a t  
o 7 . 4 - 7 . 5  ( 1 H ,  c a r b o n  6 p r o t o n ) ,  a s i n g l e t  a t  o 6 . 9  ( 1 H , c a r b o n  3 
p r o t o n ) ,  a d o u b l e t  a t  o 6 . 3  ( 1 H ,  c a r b o n  5 p r o t o n ) ,  a n d  a s i n g l e t  a t  o 
3 . 6  ( 3 H ,  1 - C H 3  p r o t o n s ) .  T h e  1 3C N M R  s p e c t r u m  o f  6 2  s h ow e d  
r e s o n a n c e s  a t  1 6 0 . 9  p p m  ( C = O ) ,  1 4 0 . 3  p p m  ( C - 6 ) ,  1 2 6 . 2  p p m  ( C - 4 ) ,  
1 23 . 8  p p m  ( C - 3 ) ,  1 1 5 p p m  ( C N ) ,  1 05 . 0  p p m  ( C - 5 ) ,  a n d  3 8 . 0  p p m  ( C  o f  
1 - C H 3 ) .  T h e  m a s s  s p e c t r u m  o f  c o m p o u n d  6 2  s h ow e d  a p a r e n t  i o n  a t  
m / z  1 3 4 ( C7 H 6 N 2 0  = 1 3 4 ) , fo l l owed  by a l o s s  o f  C = 0 
CN C N  
H ,C -Q-CN - CH , 
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Figure 37. 1 , 1 '-Dimethyi-2,2'-Dicyano-4,4'-Bipyridimium cation 
Radica1 60, and 1 , 1 '-Dimethyi-2,2'-Dicyano- 1 , 1 '­
Dihydro-4,4'-Bipyridine 6 1 .  
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F i gure 38 . Preparati on o f  1 -Hethyl - 2-0xo- 1 , 2-Di hydro-
4 - Pyri d i ne Carbon i tr i l e .  
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( C6 H 6 N 2  = 1 06 ) ,  a l o s s  o f  CN ( C 5 H 6N = 8 0 ) ,  a l o s s  o f  C - H  ( C3 H 2 N  
= 5 2 )  r e s p e c t i v e l y .  C h a r a c t e r i z a t i o n  o f  c o m p o u n d  6 2  by e l e m e n t a l  
a n a l y s i s  g a v e  s a t i s fa c t o ry r e s u l t s .  
E l e c t r o n  s p i n  r e s o n a n ce s p e c t roscop i c  a n a l y s i s  o f  t h e  r e s u l t i n g  
r e a c t i o n  m i x t u r e  o f  c o m p o u n d  1 2  a n d  cy a n i d e  i o n , s h ow e d  p r e s e n c e  
o f  a r a d i c a l .  T h e re fo r e ,  t h e re w e r e  m a n y  a t t e mp t s  t o  d e t e r m i n e  t h e  
n a t u r e  o f  t h e  d a r k  s o l i d .  E x p o s u r e  o f  t h i s  d a r k  s o l i d  t o  t h e  a t m o s p h e r e  
h ad n o  n o t i ce a b l e  e ff e c t ,  i n d i c a t i ng a p o s s i b l e  a b s e n c e  o f  a r a d i c a l  i n  
t h e  s o l i d .  T h e  I R  s p e c t ru m  s h owed  t w o  cy a n o  p e a k s  a t  2 2 4 0  a n d  2 2 2 0  
c rn - 1 c h a r a c t e r i s t i c  o f  cya n o  g r o u p s  a t  4 a n d  2 - c a r b o n s  o f  p y r i d i n i u m  
s a l t s .  S o d i u m  fu s i o n  w a s  p e rfo r m e d  fo l l ow i n g  t h e  p r o c e d u r e  o f  Pav i a ,  
L a m p m a n  a n d  K r i z  [ 1 02 ] .  A p o s i t i v e  t e s t  was  o b t a i n e d  for  n i t r oge n 
w h i l e  t h e  t e s t  fo r i o d i n e  was  n e g a t i v e .  
T h e  m e c h a n i s m  o f  t h e  form a t i o n  o f  c o m p o u n d  62  s e e m e d  u n c l e a r .  
I t  h a s  b e e n  r e p o r t e d  t h a t  1 - m e t h y l - 2 - c y a n o p y r i d i n i u m  i o d i d e  
h y d r o l y z e d  t o  1 - m e t hy l - 2 - p y r i d o n e  a t  p H  8 o r  h i g h e r  [ 1 03 ] ;  t h e r e fo r e ,  
s i n c e t h e  r e a c t i o n  o f  1 2  w i t h  cy a n i d e  i o n  h a d  t o  b e  a t  p H  8 o r  above , 
p e r h a p s  1 - m e t h y l - 2 - p y r i d o n e  was  form e d  i n  t h e  r e a c t i o n .  T h e n ,  i t  may 
have r e a c t e d  w i t h  t h e  cy a n i d e  ion in  t h e  s o l u t i o n  to form c o m p o u n d  
6 2 .  T h e r e fo r e ,  c o m m e r c i a l l y a v a i l a b l e  1 - m e t h y l - 2 - p y r i d o n e  w a s  
r e a c t e d  w i t h  p o t a s s i u m  cy a n i d e  i n  d i ffe r e n t  s o l v e n t s  ( w a t e r - a c e t o n e ,  
a c e t o n e ,  a c e t o n e - e t h a n o l ,  a n d  e t h a n o l ) ,  n o  r e a c t i o n  o ccu r re d .  T h e  
r e a c t a n t s  ( p o t a s s i u m  c y a n i d e  a n d  1 - m e t h y l - 2 - p y r i d o n e )  w e r e  
r e c o v e r e d  i n  a l m o s t  1 00 %  y i e l d .  
I n  1 9 6 6 ,  K o s o w e r  a n d  P a t t o n  s t u d i e d  t h e  k i n e t i c s  o f  h y d r o l y s i s  o f  
1 - m e t h y l - 2 - c y a n o ,  3 - cyano ,  a n d  4 - cy a n o py r i d i n i u m  i o n s  b y  a q u e o u s  
b a s e  ( 8 8 ] .  T h e y  fou n d  t h a t  t h e  2 - a n d  4 - cya n o  c o m p o u n d s  y i e l d e d  t h e  
c o r re s p o n d i ng py r i d o n e s  a t  d i ffe r e n t  r a t e s .  T h e  2 - cy a n o py r i d i n i u m  
i o n  h y d r o l y z e d  fas t e r  t h a n  t h e  4 - cyanopy r i d i n i u m  i o n .  T h e  cya n i d e  i o n  
c o u l d  a d d  t o  t h e  4 - p o s i t i o n  o f  t h e  py r i d i n i u m  s a l t  f i r s t  t o  form 1 -
m e t h y l - 2 , 4 - d i cy a n o p y r i d i n i u m  i o d i d e .  T h e n ,  t h e  2 - cy a n o  q u i c k l y  
h y d r o l y z e d  t o  t h e  p y r i d o n e  t o  form c o m p o u n d  6 2 .  To t e s t  f o r  t h i s  
p r o d u c t ,  c o m m e r c i a l l y  ava i l a b l e  2 , 4 - d i cy a n o py r i d i n e  w a s  h e a t e d  w i t h  
r e f l u x i n g  m e t h y l  i o d i d e  t o  form 1 5  ( F i g u r e  3 0 ) .  C o m p o u n d  1 5  was 
d i s s o l v e d  i n  a q u e o u s  base  and  w a r m e d  i n  a hot  w a t e r  b a t h  t o  g ive  62  
6 6  
i n  6 5 %  y i e l d  ( F i g u r e  3 9 ,  e q .  2 ) .  T h i s  r e s u l t  d i d  n o t  a n swe r t h e  q u e s t i o n  
o f  w h a t  t h e  m e c h a n i s m  fo r t h e  format i o n  o f  6 2  w a s ,  b u t  i t  a c c o u n t s  fo r 
t h e  two c y a n o  a b s o r p t i o n s  i n  t h e  I R  s p e c t r u m .  T h e  d a r k  s o l i d  was  a 
m i x t u r e  a s  p r o v e d  by i t s  p a r t i a l  s o l u b i l i ty i n  w a t e r  a n d  m e t hy l e n e  
c h l o r i d e .  B u t ,  i t  m u s t  h av e  c o n t a i n e d  a c o m p o u n d  t h a t  h a d  t w o  cyano  
groups  p o s s i b ly a t  t he  2 - a n d  4 - p o s i t i o n s .  The  o x i d a t i o n  a n d  t h e  
w o r k - u p  o f  t h e  2 , 4 - d i cy a n o  a d d u c t  c o u l d  h ave  fo r m e d  c o m p o u n d  6 2 .  
T h i s  was  p rove d by t h e  fa i l u r e  t o  i s o l a t e  6 2  f r o m  t h e  u n ox i d i ze d  d a r k  
s o l i d .  
B .  Reaction of cyanide ion with 1-methyl-3-cyanopyridinium iodide 13 
C o m p o u n d  1 3  r e a c t e d  w i t h  s o d i u m  cy a n i d e  to  g i v e  a y e l l ow s o l i d  
w h i c h  w a s  r e c r y s t a l l i z e d  f r o m  c h l o r o fo r m  t o  g i v e  1 - m e t h y l - 3 , 4 -
d i cy a n o - 1 , 4 - d i hy d ropy r i d i n e  6 3  i n  9 0 %  y i e l d  ( F i g u r e  4 0 ) .  T h e  r e a c t i o n  
o f  1 3  w i t h  cy a n i d e  i o n  to  fo r m  63  h a s  b e e n  fo l l owed  by u l t r av i o l e t  
a b s o rp t i o n  spe c t r o s copy  [ 2 3 ] ,  a n d  p r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  
s p e c t r o s c o p y  [ 2 4 ] ,  b u t  t h e  i s o l a t i o n  and  c h a r a c t e r i za t i o n  o f  t h e  s o l i d  
h a s  n o t  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e .  T h i s  ye l l ow s o l i d  63 d e c o m ­
p o s e d  b e f o r e  i t  m e l t e d  a n d  d a r k e n e d  i n  c o l o r  w h e n  e x p o s e d  t o  t h e  
a t m os p h e re f o r  m o r e  t h a n  twe n ty - fo u r  h o u rs ,  b u t  i t  m a i n t a i n e d  t h e  
s a m e  s t r u c t u r e .  
T h e  I R  s p e c t r u m  o f  6 3  s h o w e d  a b s o r p t i o n s  c h a r a c t e r i s t i c  o f  
a l i p h a t i c  C - H  s t r e t c h  n e a r  2 9 6 0  c m - 1 , CN a t  C - 3  n e a r  2 2 2 0  c m - 1 CN at 
C-4  n e a r  2 1 8 0  e m - \ C-C and C-N r i ng s t r e t c h i n g  n e a r  1 6 8 0  c m - 1 , 
c h a ra c t e r i s t i c  o f  1 ,4 - d i hyd r o py r i d i n e  [ 1 24 ]  a n d  a C - H  r i n g  b e n d i n g  
n e a r  7 2 0  c m - 1 . T h e  1 H N M R  s p e c t r u m  o f  63  i n  C D C l 3  s h ow e d  a s i n g l e t  
a t  o 6 . 7  ( 1 H ,  c a r b o n  2 p r o t o n ) ,  a d o u b l e t  a t  o 5 . 9 - 6 . 0  ( 1 H ,  c a r b o n  
6 p r o t o n ) ,  a m u l t i p l e t  a t  o 4 . 8- 4 . 9  ( l H ,  c a r b o n  5 p r o t o n ) ,  a d o u b l e t  
a t  o 4 . 4 - 4 . 5  ( 1 H , c a r b o n  4 p r o t o n )  a n d  a s i n g l e t  a t  o 3 . 1  ( 3 H ,  
l - C H 3  p r o t o n s ) .  Fu r t h e r  c h a r a c t e r i z a t i o n  o f  63  b y  e l e m e n t a l  a n a l y s i s  
gave  c o nv i n c i ng r e s u l t s .  
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Figure 39 · Reaction o f  1 -Methyi-2-Pyridone with Cyanide Ion 
and Preparation of 62 from 15 in Basic Solution. 
(eq . 2) 
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Figure 40. Preparation of 1 - Methyl-3,4-Dicyano-1 ,4-Dihydropyridine 63.  
68 
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C. Reaction of cyanide jon with 1-methyl-4-cyanopyridinium iodide 1 4  
1 - M e t h y l - 4 - c y a n o py r i d i n i u m  i o d i d e  w a s  r e a c t e d  w i t h  s o d i u m  
cy a n i d e  i n  w at e r  t o  g ive  a d a r k  b r o w n  s o l u t i o n  f rom w h i c h  a d a r k  s o l i d  
p r e c i p i t a t e d .  B e c a u s e  t h e  d a r k  s o l i d  cou l d  h av e  b e e n  t h e  e x p e c t e d  
c a t i o n  r a d i c a l  4 [ 1 04 ) ,  t h e  s o l i d  was  i m m e d i a t e l y  o x i d i z e d  w i t h  a l ­
c o h ol i c  i o d i n e  s o l u t i o n ,  a n d  t h e  s o l u t i o n  was  p a s t  t h ro u g h  a n  i o n - e x ­
c h a nge r e s i n .  Eva p o r a t i o n  o f  t h e  s o l v e n t  p r o d u c e d  a b r o w n  s o l i d .  A l l  
a t t e mp t s  t o  c h a r a c t e r i z e  t h e  b r ow n  s o l i d  by  s p e c t r o s c o p i c  m e t h o d s  
fa i l e d .  T h e  I R  s p e c t r u m  o f  t h e  d a r k  s o l i d  f r o m  t h e  r e a c t i o n  o f  1 4  w i t h  
cy a n i d e  i o n  s h ow e d  a n  a b s o rp t i o n  c h a r a ct e r i s t i c  o f  C N  n e a r  2 2 4 0  c m · l 
a n d  a s e c o n d  C N  n e a r  2 2 2 0  cm- 1 . Fu r t h e r  c h a r a c t e r i z a t i o n  o f  t h e  d a r k  
s o l i d  fa i l e d .  I t  a l s o  fa i l e d  t o  g ive  I R  a b s o rp t i o n s  c h a r a c t e r i s t i c  o f  t h e  
p r o d u c t s  o f  h y d r o l y s i s  o f  c o m p o u n d  1 4 ,  6 4  a n d  6 5  [ 8 8 ]  ( F i g u r e  
4 0 ) ,  r e s p e c t i v e l y .  
D ( i) .  Reaction of cyanide jon with 1-benzyl-2-(acylamino)pyridinium bromide 1 7 
C o m p o u n d  1 7  w i t h  s o d i u m  cy a n i d e  i n  w a t e r - a c e t o n e  s o l u t i o n  d i d  
n o t  s h ow a n y  o b s e rv a b l e  c h a n g e s  a t  r o o m  t e m p e ra t u r e .  W h e n  h a l f  o f  
t h i s  s o l u t i o n  w a s  e v a p o ra t e d  t o  d r y n e s s ,  t h e  r e a c t a n t s  ( 1 7  a n d  s o d i u m  
cyan i d e )  w e r e  re cove red  i n  1 0 0 %  y i e l d .  W h e n  t h e  o t h e r  h a l f  was  
h e a t e d  t o  the  b o i l i n g  p o i n t  o n  a hot  p l a t e ,  a n  o i l  for m e d .  T h e  o i l  was  
d i s s o l v e d  in  m e t h y l e n e  c h l o r i d e ,  d r i e d ,  and the  m e t hy l e n e  c h l o r i d e  
w a s  r e m ov e d  u s i n g  ro t a ry e v a p o r a t o r .  S p e c t r o s c o p i c  c h a ra c t e r i z a t i o n  
o f  t h e  o i l  s h owed i t  w a s  1 - b e nzy lpyr i d i n i u m - 2 - a cy l i m i d e  6 6 .  O n  s t a n d ­
i n g  f o r  s i x  t o  e i g h t  h o u rs ,  t h e  o i l  s o l i d i fi e d .  
C o m p o u n d  6 6  w a s  a p r o d u c t o f  t h e  e l i m i n a t i o n  o f  h y d r o g e n  
b r o m i d e  fr o m  1 7  b y  h e a t i n g ( F i g u r e  4 1 ) . T h e  s o l i d  6 6  w a s  m o r e  
s o l u b l e  i n  w a t e r  i n  t h e  s o l i d  s t a t e  t h a n  i n  o i l y  s t a t e .  S i m i l a r  b e h a v i o r  
was  a l s o  o b s e rv e d  by I n o k u m a  a n d  cow o r k e rs i n  1 9 7 9  [ 9 9 ] ,  fo r  c o m ­
p o u n d  6 8 .  T h e y  sy n t h e s i z e d  68  by t h e  a l k a l i  t r e a t m e n t  o f  1 - m e t hy l - 2 -
( acy l a m i n o ) p y r i d i n i u m  i o d i d e  6 7  ( F i g u r e  4 1 a ) .  
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4 1 .  Preparati on o f  1 -Benzyl pyr i d i n i um-2-Acyl i m i de 66 . 
a o I I  N NHC-CH 3  
I 1-CHJ 
6 7 
al kal i 
-H I  
7 0  












Figure 4 1a. Preparation of 1 -Methylpyridinium-2-Acyl imide 68, 
by Inokuma and coworkers. 
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Th e r e a s o n  c o m p o u n d  6 6  c h a ng e d  from l i q u i d  t o  s o l i d  i s  p r o b a b l y  
d u e  t o  i t s  e x i s t e n ce a s  a zwi t t e r i o n i c  c o m p o u n d  ( Fi g u r e  4 1 ) . S i m i l a r  
b e h a v i o r  w a s  a l s o  o b s e rv e d  by  I n o k u m a  a n d  cow o r k e r s .  
T h e  I R  s p e c t r u m  o f  6 6  s h o w e d  a b s o r p t i o n s  c h a r a c t e r i s t i c  o f  
a r o m a t i c  C - H  s t r e t c h  n e a r  3 0 6 3  c m - 1 , C = O  n e ar 1 63 6  c m - 1 , a n d  a C-C 
r i n g  b e n d i n g n e a r  750  c m - 1 .  T h e  1 H N M R  s p e c t r u m  i n  D M S O - d6  
s h ow e d  a m u l t ip l e t  a t  d 7 . 9 - 8 . 2  ( 2 H ,  c a r b o n  6 a n d  3 p r o t o n s ) ,  a 
m u l t i p l e t  a t  d 7 . 2 - 7 . 7  ( 6 H ,  c a r b o n  4 ,  a n d  a r o m a t i c  p r o t o n s )  a t h i r d  
m u l t i p l e t  a t  d 6 . 5 - 6 . 9  ( 1 H ,  c a r b o n  5 p r o t o n ) ,  a s i n g l e t  a t  d 5 . 5  ( 2 H ,  
1 - C H 2  p r o t o n s ) ,  a n d  a s e c o n d  s i n g l e t  a t  d 2 .3 ( 3 H ,  C H 3  p r o t o n s ) .  
1 3  T h e  C N M R  s p e c t r u m  o f  6 6  s h o w e d  r e s o n a n c e s  a t  1 7 8 . 5  p p m  
( C = O ) ,  1 5 7 . 0  p p m  ( C - 2 ) ,  1 3 9 . 3  p p m  ( C - 6 ) ,  1 3 6 . 5  p p m  ( C-4 ) ,  1 2 7 . 5 -
1 2 8 . 3  p p m  ( a r o m a t i c  C ' s ) ,  1 1 9 . 5  p p m  ( C -5 ) ,  a n d  1 1 0 . 3  p p m  ( C - 3  ) .  T h e  
m a s s  s p e c t r u m  o f  c o m p o u n d  6 6  s h o w e d  a p a r e n t  i o n  a t  m / z  2 2 6  
( C 1 4 H 1 4 N 20 = 2 2 6 ) ,  fo l l ow e d  by a l o ss  o f  C H 3  ( C 1 3H n N 2 0  = 2 1 1 ) , 
a l o s s  o f  C = 0 ( C 1 2 H 1 1 N 2 = 1 8 3 ) ,  a n d  a p e a k  for  C 6 H s C H 2  ( C 7 H 7  = 
9 1 ) . 
I t  s h o u l d  b e  n o t e d  t h a t  t h e  c h a r a c t e r i s t i c  I R  a b s o r b a n c e  o f  t h e  
c a r b o n y l  g r o u p  i n  6 6  was s h i f t e d  t o  l o w e r  fre q u e n c i e s  t h a n  t h o s e  o f  
1 7 a a n d  1 7 .  A l s o ,  t h e  c h e m i c a l  s h i ft s  o f  t h e  m e t h y l e n e  p r o t o n s  a t ­
t a c h e d  t o  t h e  n i t r o g e n  o f  t h e  py r i d i n e  r i n g  i n  6 6 ,  a p p e a r e d  a t  a l o w e r  
f i e l d  t h a n  t h a t  i n  1 7 .  T h e  s o l u b i l i ty o f  6 6  i n  w a t e r  was  h i g h e r  t h a n  t h a t  
o f  1 7 a .  
i i .  Reaction of 66 with Hydrogen Bromide 
To c o n fi r m  t h e  fo r m a t i o n  o f  c o m p o u n d  6 6 ,  i t  was  d i ss o l v e d  i n  
w a t e r  a n d  m a d e  a c i d i c  t o  l i t m u s  p a p e r  w i t h  h y d r o g e n  b r o m i d e .  C o m ­
p o u n d  6 6  w a s  n o t  v e ry s o l u b l e  i n  w a t e r ,  b u t  d i s s o l v e d  as  s o o n  as  t h e  
r e a c t i o n  m i x t u r e  w a s  m a d e  a c i d i c .  T h e  w a t e r  s o l u t i o n  w a s  e v a p o r a t e d  
t o  g i v e  a wh i t e  s o l i d  i n  9 5 %  y i e l d .  T h e  m e l t i ng p o i n t  a n d  s p e c t ro s c o p i c  
a n a l y s i s  o f  t h i s  s o l i d  was  i d e n t i ca l  t o  1 7  ( F i g u r e  4 2 ) .  
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F i gure 42 . React i on of 1 - Benzyl pyri d i n i um-2-Acyl i m i de 6 6 ,  
wi th Hydrogen Bromide . 
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F i gure 43 . Preparati on of 1 -Benzyl -3 , 4- D i cyano - 1 , 4-
D i hydropyri d i ne 69 . 
CN 
7 2  
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E.  Reaction of cyanide ion with 1-benzyl-2-cyanopyridjnjum bromide 19 
T h e  r e a c t i o n  o f  I 9 w i t h  s o d i u m  cya n i d e  i n  w a t e r  o r  w a t e r - a ce t o n e  
a t  r o o m  t e m p e r a t u r e  g a v e  a d a r k  b r own s o l u t i o n .  A t t e m p t s  t o  i s o l a t e  
a n y  c o m p o u n d  f r o m  t h e  d a r k  b r own s o l u t i o n  f a i l e d .  N o  r e p o r t  e x i s t s  t o  
d a t e  i n  t h e  l i t e r a t u r e  o n  t h e  r e a c t i o n  o f  1 9  w i t h  cya n i d e  i o n .  
F .  Reaction of cyanide ion with 1-benzyl-3-cyanopyridjnjum bromide 20 
C o m p o u n d  2 0  r e a c t e d  w i t h  s o d i u m  cy a n i d e  i n  w a t e r  a t  r o o m  
t e m p e r a t u r e  t o  f o r m  a n  o i l y l i q u i d .  T h e  o i l  w a s  d i s s o l v e d  i n  
m e t h y l e n e  c h l o r i d e ,  d r i e d ,  a n d  t h e  m e t h y l e n e  c h l o r i d e  w a s  
e v a p o r a t e d .  T h e  d ry y e l l o w  o i l  was  o b t a i n e d  i n  8 5 %  y i e l d ,  a n d  p r o v e d  
t o  b e  1 - b e nzy l - 3 , 4 - d i cy a n o - 1 , 4 - d i h yd r opyr i d i n e  6 9  by s p e c t r o s c o p i c  
a n a l y s i s  ( F i g u r e  4 3  ) .  69  w a s  n o t  affe c t e d  by  e x p o s u r e  t o  t h e  a t m o s ­
p h e r e .  T h e  fo r m a t i o n  o f  69  f r o m  t h e  r e a c t i o n  o f  2 0  a n d  cya n i d e  i o n  
was  fo l l ow e d  by  u l t r avi o l e t  a b s o rp t i o n  spe c t r oscopy  i n  a l c o h o l i c  s o l u ­
t i o n s  b y  Ly l e  a n d  G a u t h i e r  [ 2 3 ] .  T h e  I R  s p e c t r u m  o f  t h i s  o i l y  l i q u i d  
s h owed a b s o rp t i o n s  c h a r a c t e r i s t i c  o f  a r o m a t i c  C - H  s t r e t c h n e a r  3 0 6 0  
c m · 1 , a l i p h a t i c  C - H  s t re t c h  n e a r  2 9 4 0  c m · 1 , CN a t  C - 3  n e a r  2 2 4 0  e m · \ 
CN a t  C - 4  n e a r  2 2 0 0  c m - 1 , a n d  a C-C a n d  C-N r i ng s t r e t c h i n g  n e a r  
1 6 9 0  c m - 1 . T h e  1 H N M R  s p e c t r u m  o f  69  i n  D M S O - d 6  s h ow e d  a s i n g l e t  
a t  o 7 . 5  ( 1 H ,  c a r b o n  2 p r o t o n ) ,  a s e c o n d  s i n g l e t  a t  o 7 . 4  ( 5 H ,  
a r o m a t i c  p r o t o n s ) ,  a d o u b l e t  a t  o 6 . 3 - 6 . 4  ( 1 H ,  c a r b o n  6 p r o t o n ) ,  a 
m u l t i p l e t  a t  o 4 . 7 - 4 . 8  ( 1 H ,  ca rbon  5 p r o t o n ) ,  a s e c o n d  d o u b l e t  a t  o 
4 . 6 - 4 . 7  ( 1 H ,  c a r b o n  4 - p r o t o n ) ,  a n d  a s i n g l e t  a t  o 4 . 5  ( 2 H ,  1 - C H 2  
p r o t o n s ) .  T h e  1 3C N M R  s p e c t r u m  o f  6 9  s h o w e d  r e s o n a n c e s  a t  1 4 5 . 2  
p p m  ( C - 2 ) ,  1 3 6 . 9  p p m  ( C - 6 ) , 3 0 . 9  p p m  ( C - 4 ) ,  1 2 7 . 4 - 1 2 8 . 7  p p m  ( 
a r o m a t i c  C ' s ) ,  1 1 9 . 2  p p m  ( C N  a t  C-3 ) ,  9 6 . 0  p p m  ( C - 5 ) ,  7 2 . 8  p p m  ( C N  
a t  C-4  ) , a n d  5 6 . 3  p p m  ( C  o f  l - C H 2 ) .  
G .  Reaction of cyanide jon with 1-benzyl-2-(bydrozymetbyl)pyridinium bromide 24 
1 -B e n zy l - 2 - ( h y d roxy m e t hy l ) pyr i d i n i u m  b r o m i d e  was  d i s s o l v e d  i n  
w a t e r - a c e t o n e  s o l u t i o n  a n d  f l u s h e d  w i t h  oxyge n - f r e e  n i t r o g e n .  T h e  
n i t r o g e n  was  m a d e  oxyg e n - fre e by b u b b l i n g  i t  t h r o u g h  a n  a l k a l i n e  
pyroga l l o l  s o l u t i o n .  T h i s  w a t e r - a c e t o n e  s o l u t i o n  w a s  f rozen  w i t h  l i q ­
u i d  n i t r o g e n  w h i l e  p a s s i n g  t h e  oxyg e n -free  n i t roge n t h r o u g h  i t .  P o t a s -
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s i u m  cya n i d e  d i s s o l v e d  in  wa te r  was  a l so  f l u s h e d  w i th  t h e  oxyg e n - f r e e  
n i t r o g e n ,  a n d  was  p o u r e d  i n t o  t h e  froze n  s o l u t i o n  o f  2 4 .  T h e  r e a c t i o n  
m i x t u r e  w a s  , f ro z e n  c o m p l e t e ly ,  a n d  w a s  a l l ow e d  t o  s t a n d  i n  t h e  
n i t r o g e n  a t m o s p h e r e  f o r  for ty- e i g h t  h o u rs a t  r o o m  t e m p e r a t u r e .  T h e  
c o l o r l e s s  s o l u t i o n  f i r s t  t u r n e d  g r e e n ,  t h e n ,  b l u e -g r e e n ,  a n d  a d a r k  
s o l i d  fo r m e d .  T h e  s o l i d  was  f i l te re d  a n d  i m m e d i a t e l y  o x i d i z e d  w i t h  
4 . 0 0 g  o f  i o d i n e  i n  5 0 m L  o f  9 5 %  e t h a n o l - a c e t o n e  s o l u t i o n .  T h i s  d a r k  
s o l i d  d e co m p o s e d  t o  a s t i cky  g u m  w h e n  a l l ow e d  t o  s t a n d  i n  a i r ,  s u g ­
g e s t i n g  t h e  p r e s e n c e  o f  a c a t i o n  r a d i c a l  74  o r  a d i hy d r o  c o m p o u n d  7 3 .  
T h e  b l u e -g r e e n  s o l u t i o n  t h a t  form e d ,was  d e c o l o r i z e d  t o  a y e l l ow s o l u ­
t i o n  w h e n  a l l ow e d  t o  s t a n d  i n  t h e  a i r ,  a g a i n  s t r o n g l y  s u gg e s t i n g  t h e  
p r e s e n c e  o f  a r a d i c a l .  T h e  b l u e -g r e e n  s o l u t i o n  s h ow e d  t h e  p r e s e n ce o f  
a r a d i c a l  by  e l e c t r o n  s p i n  r e s o n a n ce s p e c t r o s c o p i c  a n a l y s i s .  T h e s e  
o b s e r v a t i o n s  w e r e  c o n s i s t e n t  w i t h  t h e  b e n z o i n  t y p e  r e a c t i o n  
m e c h a n i s m  for  t h e  d i m e r i z a t i o n  o f  u n s u b s t i t u t e d  p y r i d i n i u m  s a l t s  by 
cy a n i d e  i o n  [ 3 5 ]  ( F i g u r e  4 4  ) .  In t h e  m e c h a n i s m  ( Fi g u r e  44 ) ,  t h e  
n u c l e op h i l i c  a t t a c k  o f  t h e  cya n i d e  i o n  a t  t h e  2 - a n d  4 - p o s i t i o n  h a s 
b e e n  d e m o n s t r a t e d  ( 2 1 ,  2 3 ,  2 4  ) .  T h e  l o s s  o f  a p r o t o n  from 70 t o  form 
t h e  c a r b a n i o n  71  s h o u l d  be  fa c i l e  in  the  b a s i c  cyan i d e  s o l u t i o n  [ 1 05 ) .  
T h e  r e s u l t i n g  c a r b a n i o n  co u l d  a t t a ck  a n o t h e r  pyr i d i n i u m  i o n  t o  form 
1 , 1 '  , 4 , 4 ' - t e t r a h y d r o - 2 , 2 ' - b i s ( h y d r o x y m e t h y l ) - 4 , 4 ' - b i p y r i d i n e  72 ,  
w h i c h cou l d  u n d e rgo  base  c a t a l y z e d  e l i m i n a t i o n  o f  h y d r oge n cy a n i d e  
t o  f o r m  t h e  1 , 1 ' - d i hy d r o - 4 , 4 ' - b i py r i d i n e  73 . Oxi d a t i o n  o f  7 3  b y  oxyg e n ,  
a s  r e p o r t e d  [ 1 06 ] ,  fo r m e d  t h e  d i c a t i o n  7 4 .  C o m p o u n d  7 3  cou l d  a l s o  b e  
a s t r o n g  r e d u c i n g  age n t  [ 1 0 7 ) . 
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T h i s  b e n z o i n  t y p e  r e a c t i o n  m e c h a n i s m  was  p r o p o s e d  ( 3 5 ]  a n d  h a s  
n ow b e e n  a c c e p t e d  by  o t h e r  r e s e a r c h e rs ( 3 6 ]  for  t h e  d i m e r i z a t i o n  o f  
pyr i d i n i u m  s a l t s  by  e i t h e r  cy a n i d e  i o n  ( 3 5 ]  o r  o t h e r  a m b i fu n c t i o n a l  
n u c l e o p h i l i c  i o n s  [ 3 6 ] .  
T h e  o x i d i z e d  i o d i n e  s o l u t i o n  w a s  p a s s e d  t h r o u g h  a n  i o n - e x c h ange  
r e s i n  w h i c h  had  b e e n  p r e v i o u s l y  s a t u r a t e d  wi th  b r o m i d e  ion  t o  ex ­
c h a n g e  b r o m i d e  for  cya n i d e  o r  t r i i o d i d e  t h a t  may  be  p r e s e n t  in  t h e  
s o l u t i o n .  Evap o r a t i o n  o f  t h e  i o n - e x c h a n g e d  s o l u t i o n  p r o d u c e d  a d a r k  
y e l l o w  s o l i d  w h i c h  w a s  w a s h e d  w i t h  w a t e r .  T h e  w a t e r  s o l u t i o n  was 
e v a p o r a t e d  a n d  t h e  r e s u l t a n t  y e l l ow s o l i d  was r e c ry s t a l l i z e d  f r o m  
e t h a n o l - e t h y l  a c e t a t e  t o  g ive  75 i n  6 0 %  y i e l d .  S p e c t ro s c o p i c  a n a l y s i s  
o f  t h e  s o l i d  s h owed  i t  was  t h e  e x p e c t e d  d i m e r ,  1 , 1  ' - d i b e nzy l - 2 - 2 ' ­
b i s ( hy d roxy m e t h y l ) - 4 , 4 ' - b i py r i d i n i u m  d i b r o m i d e  7 5  ( F i g u r e  4 5 ) .  7 5  
h a s  n o t  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  t o  d a t e .  I t  d e co m p o s e d  a t  
t e m p e ra t u re s  a b ove  1 9 0°C.  
T h e  IR s p e c t r u m  o f  75 sb  · w e d  a b s o rp t i o n s  c h a r a c t e r i s t i c  o f  0 - H  
s t r e t c h  n e a r  3 3 6 0  c m - 1 , a r o m a t i c  C - H  s t r e t ch n e a r  3 1 0 0 c m · 1 C - C  a n d  
C - N  r i n g s t r e t c h  n e a r  1 64 0  c m · 1 a n d  a C - H  r i n g  b e n d i n g  n e a r  7 3 0  c m · 1 . 
T h e  1 H N M R  s p e c t r u m  o f  75 i n  D M S O - d 6  s h o w e d  a b r o a d  p e a k  a t  o 
9 . 4 - 9 . 5  ( 2 H ,  c a r b o n  6 ,  6 '  p r o t o n s ) ,  a s e c o n d  b r o a d  p e a k  at o 8 . 8 - 8 . 9  
( 4 H ,  c a r b o n  5 ,  5 ' , a n d  3 ,  3 ' - p r o t o n s ) ,  a s i n g l e t  a t  o 7 . 4  ( 1 2 H ,  A r ,  A r ' ,  
a n d  O H ,  O H '  p r o t o n s ) ,  a s i n g l e t  a t  o 6 . 1  ( 4 H ,  l - C H 2  a n d  1 - C H 2 '  
p r o t o n s ) ,  a n d  a t h i r d s i n g l e t  a t  o 5 . 0  ( 4 H ,  C H 20 H ,  C H 2 0 H '  
p r o t o n s ) .  T h e  1 3C N M R  s p e c t ru m  o f  75 s h ow e d  r e s o n a n c e s  a t  1 5 9 . 2  
p p m  ( C - 2 ,  C - 2 ' ) ,  1 4 6 . 9  p p m  ( C - 6 ,  C- 6 ' ) ,  1 3 2 . 7 - 1 3 3 . 7  p p m  ( C - 4 ,  C- 4 ' ) ,  
1 2 5 . 2 p p m  ( C - 3 ,  C-3 ' ,  C - 5 ,  C - 5 '  a n d  a r o m a t i c  C ' s ) ,  5 9 . 3  p p m  ( C  o f  
l - C H 2  a n d  C o f  C H 20 H ) .  Fu r t h e r  c h a r a c t e r i z a t i o n  o f  7 5  b y  e l e m e n t a l  
a n a l y s i s  gave s a t i s fa c t o ry r e s u l t s .  
A n  a q u e o u s  s o l u t i o n  o f  75 e x h i b i t e d  a s t r o n g  a b s o r p t i o n  b a n d  a t  
2 8 0 n m  ( l o g e = 3 . 3 ) .  W h e n  7 5  was  r e d u c e d  i n  a q u e o u s  s o l u t i o n  w i t h  
s o d i u m  d i t h i o n i t e ,  a d a r k  b l u e  s o l u t i o n  c o n t a i n i n g  t h e  r a d i c a l  c a t i o n  
w a s  fo r m e d  ( Fi g u r e  4 6 ) .  T h e  r a d i ca l  c a t i o n  s t r o ng l y  a b s o r b e d  n e a r 
3 4 0 n m  ( l o g e = 4 . 0 ) .  T h i s  r a d i c a l  c a t i o n  a l s o  e x h i b i t e d  a l e s s  i n t e n s e  
b r o a d  a b s o r p t i o n  i n  t h e  v i s i b l e  r e g i o n  n e a r  6 0 0 n m  ( l og e = 7 . 0 ) .  
T h e s e  o b s e r v a t i o n s  a r e  
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�t.j(CHzOH N 
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c h a r a c t e r i s t i c  o f  b i p y r i d i n i u m  c a t i o n s  [ 8 ,  1 08 ,  1 09 ] .  T h e  a b s o rp t i o n  
b a n d s  i n  t h e  v i s i b l e  r e g i o n  w e r e  a t t r i b u t e d  t o  c h a rge t r a n s fe r  b e t w e e n  
t h e  a n i o n  a n d  t h e  b i py r i d i n i u m  d i c a t i o n .  
I t  h a s  l o n g  b e e n  k n o w n  t h a t  1 , 1 ' - d i m e t h y l - 4 , 4 ' - b i p y r i d i n i u m  
d i c h l o r i d e  ( Pa r a q u a t )  was  a h e rb i c i d e  [ 1 1 0 , 1 1 1 ] .  I t s  h e r b i c i d e  a c t i v i t y  
was  d u e  t o  i t s  a b i l i ty t o  b e  r e d u c e d  i n  a q u e o u s  s o l u t i o n  a t  a p o t e n t i a l  
( E0 ) o f  a b o u t  - 0 . 4 5 V t o  a s t a b l e  r a d i c a l  c a t i o n  b y  a o n e - e l e c t r o n  
t r a n s fe r  t h a t  i s  r a p i d l y  a n d  q u a n t i t a t i v e l y  r e v e r s e d  by  oxyg e n .  O n  t h e  
o t h e r  h a n d ,  1 , 1 ' - d i b e n zy l - 4 , 4 ' - b i p y r i d i n i u m  d i c h l o r i d e  ( b e n z y l  
v i o l og e n )  w a s  r e d u c e d  i n  a q u e o u s  s o l u t i o n  a t  a p o t e n t i a l  ( E 0 ) o f  a b o u t  
- 0 . 3 5v t o  a s t a b l e  r a d i ca l  c a t i o n  by a o n e - e l e c t r o n  t r a n s f e r .  As  c a n  b e  
s e e n ,  b e n z y l  v i o l og e n  was  m o r e  e a s i l y  r e d u c e d  w i t h  h i g h e r  p o t e n t i a l s .  
T h e  h i g h  p o t e n t i a l  o f  be nzy l  v i o l og e n  w a s  sugge s t e d  t o  b e  d u e  t o  t h e  
e ffe ct  o f  t h e  e l e c t r o n  a t t r a c t i n g  p h e n y l  s u b s t i t u e n t  i n  t h e  b e n z y l  
q u a t e r n i z i n g  g r o u p  [ 1 1 0 ] .  E l e c t r o n - r e l e a s i n g  s u b s t i t u e n t s  o n  t h e  
b i p y r i d i n e  n i t r o g e n s  h a v e  I' e n  s u g g e s t e d  t o  l ow e r  t h e  r e d u c t i o n  
p o t e n t i a l ,  w h i l e  e l e c t r o n - a t t r a c t i n g  s u b s t i t u e n t s  r a i s e d  i t  [ 1 1 2 ] .  
M o s t  b i p y r i d i m i u m  s a l t s  c o n t a i n i n g  s u b s t i t u t e n t s  o n  t h e  
b i p y r i d i n i u m  r i n g h ave b e e n  fo u n d  t o  b e  i n a c t i v e  as  h e r b i c i d e s ,  Fo r 
e x a mp l e ,  1 , 1 ' - d i m e t h y l - 2 , 2 ' - d i cy a n opyr i d i n i u u m  d i b r o m i d e  was  fo u n d  
t o  b e  r e d u c e d  i n  a q u e o u s  s o l u t i o n  a t  a p o t e n t i a l  ( E 0 ) o f  a b o u t  + 0 . 0 9 v .  
T h i s  v e ry h i g h  r e d u c t i o n  p o t e n t i a l  was  a t t r i b u t e d  t o  t h e  e ffe ct  o f  t h e  
e l e c t r o n  a t t r a c t i n g c y a n o  g r o u p  [ 8 ] .  I n  v i ew o f  t h e  r e s u l t s  o b t a i n e d  
w i t h  m a n y  c o m p o u n d s , i t  h a s  b e e n  sugge s t e d  t h a t  l a rge  s i z e d  c o m ­
p o u n d s  h ave  h i g h e r  r e d u c t i o n  p o t e n t i a l s  a n d  l ow e r  h e rb i c i d e  a c t i v i ty 
[ 1 1 0 ] .  T h e  l a rge  s i z e  p r e s u m a b l y  h i n d e r s  t h e  m o v e m e n t  o f  t h e  s a l t s  t o  
t h e  b i o c h e m i c a l l y  i m p o r t a n t  s i t e  o f  h e rb i c i d a l  a c t i o n  i n  p l a n t s .  I t  may 
a l s o  h i n d e r  t h e  s a l t s  f rom p o s i t i o n i n g  t h e m s e l v e s  c l o s e  e n ou g h  to t h e  
p h o to s y n t h e t i c  e l e c t r o n  d o n o r  m o l e c u l e s ,  s u c h  a s  t h e  p o r p h y r i n s  o f  
c h l o r op h y l l  fo r  e l e c t r o n  t r a n s fe r  t o  o ccu r t o  t h e  s a l t s .  
C o m p o u n d  75  w a s  r e d u c e d  i n  a q u e o u s  s o l u t i o n  a t  a p o t e n t i a l  ( £ 0 ) 
o f  a b o u t  - 0 . 3 4 v  vs N H E .  T h i s  p o t e n t i a l  c o u l d  b e  c o n s i d e r e d  g o o d  fo r 
t h i s  c o m p o u n d  t o  b e  ac t i ve  a s  a h e r b i c i d e .  I t  h a s  b e e n  s u gge s t e d  [ 4 1 ,  
4 2 ]  t h a t  for  h i gh  h e rb i c i d a l  a c t i v i t y  o f  t h e  b i pyr i d i n i u m  s a l t ,  t h e  s a l t  
m u s t  b e  c a p a b l e  o f  b e i n g  r e d u c e d  i n  a q u e o u s  s o l u t i o n  a t  a p o t e n t i a l  
79  
( E 0 )  o f  about  -0 . 35  t o  -0 . 45v  t o  a s t a b l e  r a d i ca l  c a t i o n  by  a o n e ­
e l e c t r o n  t ra n s fe r  t h a t  w a s  r a p i d l y  a n d  q u a n t i t a t i v e l y  r e v e r s e d  b y  
oxyg e n .  
H .  Reaction of cyanide jon with 1-benzyl-2-(2-hydroxyethyl)pyridinium bromide 23 
A s o l u t i o n  o f  2 3  i n  w a t e r - a c e t o n e  f l u s h e d  w i t h  o x y g e n - fr e e  
n i t r o g e n  w a s  r e a c t e d  w i t h  a s o l u t i o n  o f  p o t a s s i u m  cya n i d e  i n  w a t e r  
a l s o  f l u s h e d  w i t h  n i t r og e n .  T h e  r e a c t i o n  m i x t u r e  w a s  f roze n w i t h  l i q ­
u i d  n i t r oge n .  W h e n  d e fr o s t e d ,  a b l u e - g r e e n  s o l u t i o n  fo r m e d ,  a n d  a 
d a r k  s o l i d  p r e c i p i t a t e d  f rom t h e  s o l u t i o n .  T h e  d a r k  s o l i d  d e c o m p o s e d  
t o  a s t i c k y  g u m  w h e n  e x p o s e d  t o  t h e  a i r ,  a n d  t h e  g r e e n  s o l u t i o n  t u r n e d  
y e l l ow w h e n  a l l ow e d  t o  s t a n d  o p e n  i n  a i r  a t  r o o m  t e mp e r a tu r e .  T h e s e  
b e h av i o r s  w e r e  c h a r a c t e r i s t i cs o f  a c a t i o n  r a d i c a l  7 6  o r  a d i h y d r o  
c o m p o u n d  7 7  ( F i g u r e  4 7 ) .  T h e  b l u e - g r e e n  s o l u t i o n  s h o w e d  t h e  
p r e s e n c e  o f  a r a d i c a l  b y  e l e c t r o n  s p i n  r e s o n a n c e  spe c t r o s copy .  
T h e  d a r k  s o l i d  was  i m 1  c d i a t e l y  ox i d i z e d  w i t h  i o d i n e  i n  9 5 %  
e t h a n o l - a c e t o n e  s o l u t i o n .  T h e  m i x t u r e  w a s  w a r m e d  g e n t ly o n  a h o t  
p l a t e  t o  d i s s o l v e  a l l  t h e  d a r k  s o l i d ,  y e t  n o t  a l l  d i s s o l v e d .  T h e  u n d i s ­
s o l v e d  s o l i d s  we re  r e m oved  by d e ca n t i n g  t h e  s o l u t i o n .  T h e  o x i d i z e d  
s o l u t i o n  w a s  p a s s e d  t h r o u g h  a n  i o n - e x c h a n g e  r e s i n  a n d  w a s  
e v a p o r a t e d  t o  d ry n e s s .  A d a r k  y e l l ow s o l i d  w h i c h  r e m a i n e d  w a s  d i s ­
s o l v e d  in  9 5 %  e t h a n o l - e t h y l  a c e t a t e ;  t h e  p r e c i p i t a t e  t h a t  f o r m e d  
d e c o m p o s e d  w h e n  f i l t e r e d .  Tr i a l s  t o  fi l t e r  t h e  s o l i d  i n  a n  i n e r t  a t m o s ­
p h e r e  a l s o  fa i l e d .  
A n  a q u e o u s  s o l u t i o n  o f  t h e  y e l l ow s o l i d  e x h i b i t e d  a s t r o n g a b s o r p ­
t i o n  b a n d  n e a r  2 8 0 n m .  W h e n  t h e  y e l l ow s o l i d  w a s  r e d u c e d  i n  a n  
a q u e o u s  s o l u t i o n  w i t h  s o d i u m  d i t h i o n i t e ,  a d a r k  b l u e  r a d i c a l  c a t i o n  
w a s  form e d .  T h e  r a d i c a l  c a t i o n  s t r o ng ly  a b s o r b e d  n e a r  3 4 0 n m .  T h i s  
r a d i c a l  c a t i o n  a l so e x h i b i t e d  a l e s s  i n t e n s e  b r o a d  a b s o r p t i o n  i n  t h e  
v i s i b l e  r e g i o n  n e a r  6 0 0 n m .  T h i s  o b s e rv e d  b e h av i o r  o f  t h e  y e l l ow s o l i d  
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was  c h a r a c t e r i s t i c  o f  pyr i d i n i u m  d i ca t i o n  7 8  ( F i g u r e  4 8 ) ,  b u t  why  i t  
was  n o t  s t a b l e  w h e n  f i l t e re d  c o u l d  n o t  b e  e xp l a i n e d .  
I .  Reaction of cyanide ion with 1-benzyl-2-methylpyridinium bromide 25 
1 - B e n z y l - 2 - m e t h y l p y r i d i n i u m  b r o m i d e  w a s  d i s s o l v e d  i n  w a t e r ­
a c e t o n e  s o l u t i o n ,  f l u s h e d  w i t h  oxygen  f r e e  n i t roge n ,  a n d  f rozen  w i t h  
l i q u i d  n i t r oge n .  S o d i u m  cy a n i d e  w a s  a l s o  d i ss o l v e d  i n  w a t e r ,  f l u s h e d  
w i t h  n i t r o g e n ,  a n d  a d d e d  t o  t h e  s o l u t i o n  o f  2 5 .  T h e  r e a c t i o n  m i x t u r e  
w a s  f roze n c o m p l e t e ly w h i l e  f l u s h i n g  i t  w i t h  n i t roge n .  T h e  f l a s k  c o n ­
t a i n i ng t h e  froz e n  m i x t u r e  was  s e a l e d  w i t h  a t o r c h .  T h e  fro z e n  m i x ­
r u t e  was  a l l o w e d  t o  d e fr o s t  a t  r o o m  t e m p e r a t u r e  i n  t h e  s e a l e d  f l a s k .  
T h e  s e a l e d  f l a s k  w i t h  t h e  c o n t e n t  w a s  a l l o w e d  t o  s t a n d  a t  r o o m  
t e m p e r a t u r e  for  s i x  d ay s .  T h e  s o l u t i o n  f i r s t  t u r n e d  gre e n ,  t h e n  d a r k ­
b l u e ,  a n d  a d a r k  s o l i d  f o r m e d .  T h e  d a r k - b l u e  s o l u t i o n  s h o we d 
p r e s e n c e  o f  a r a d i c a l  by e l e c t r o n  s p i n  r e s o n a n c e  s p e c t ro s c o p y .  T h e  
d a r k  s o l i d  was  fi l t e r e d  a n d  o x i d i z e d  w i t h  oxyg e n  i n  h y d r o g e n  b r o m i d e  
e t h a n o l  s o l u t i o n .  T h i s  s o l i d  , l e c o m p o s e d  t o  a s t i c k y  g u m  w h e n  e x ­
p o s e d  t o  a i r .  T h e  d a r k  b l u e  s o l u t i o n  t u r n e d  y e l l ow w h e n  e x p o s e d  t o  
t h e  a i r .  T h i s  b e h a v i o r  i n d i c a t e d  t h e  p r e s e n c e  o f  a c a t i o n  r a d i c a l  7 9 ,  o r  
a d i h y d r o  c o m p o u n d  80  r e s p e c t i v e l y  ( F i g u r e  4 9 ) .  
T h e  s o l u t i o n  was  p a s s e d  t h r o u g h  a n  i o n - e x c h a n ge r e s i n  a n d  t h e  
s o l v e n t  w a s  e v a p o r a t e d .  A d a r k  s t i cky  s o l i d  w h i c h  f o r m e d  w a s  w a s h e d  
s e v e r a l  t i m e s  w i t h  w a t e r .  Evap o r a t i o n  o f  t h e  wat e r  s o l u t i o n  p r o d u c e d  
a d a r k  y e l l o w  s o l i d  w h i c h  w a s  d i s s o l v e d  i n  9 5 %  e t h a n o l .  A d d i t i o n  o f  
e t h y l  e t h e r  t o  t h e  9 5 %  e t h a n o l  s o l u t i o n  p r e c i p i t a t e d  a y e l l ow s o l i d  i n  
3 0 %  y i e l d  i d e n t i f i e d  a s  t h e  e x p e c t e d  d i m e r ,  1 , 1 ' - d i b e n z y l - 2 , 2 ' ­
d i m e t h y l - 4 , 4 ' - b i p y r i d i n i u m  d i b r o m i d e  8 1 ,  ( F i g u r e  5 0 ) .  A s i m i l a r 
p r e p a r a t i o n  h a s  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  [ 3 5 )  b u t  w i t h  t h e  1 -
m e t hy l p y r i d i n i u m  s a l t  a s  s h own i n  F i g u r e  5 1 .  T h i s  i s  t h e  f i r s t  d i m e r i z a ­
t i o n  o f  2 5  w i t h  cya n i d e  i o n  t o  g ive  t h e  d i m e r  8 1 .  T h i s  c o m p o u n d  
d e c o m p o s e d  a t  t e m p e r a t u r e s  above  2 3 8 °C .  
T h e  I R  s p e c t r u m  of  81  s h o w e d  a b s o r p t i o n s  c h a r a c t e r i s t i c  o f  
a r o m a t i c  C - H  s t r e t c h  near  3 06 0  c m - 1 • a l i p h a t i c  C - H  s t r e t c h  near  2 9 8 0  
c m - 1 , C-C a n d  C - N  r i n g  s t r e t c h i ng n e a r  1 6 4 0  c m - 1 a n d  a C - H  r i n g 
CH J CH J 
P h C H ,-�t:>--CN-CH , P h  
79 
F i gure 49. 1 , 1 ' -D i benzyl - 2 , 2 ' -Dimethyl - 4 , 4 ' - B i pyri d i n i um 
Cat i on Radi cal 79,  and 1 , 1 ' -D i benzyl - 1 , 1 ' ­
D i hydro - 2 , 2 ' -D imethyl - 4 , 4 ' - B i pyri d i ne 80 . 
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Figure 50. Preparation of 1 , 1 '  -Dihenzyl-2,2' -Dimethyl-4,4' -Bipyridimium 
Oibromide 8 1 .  
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Figure 51 .  Preparation of  1 , 1 ',2,2' -Tetramethyl-4,4' -Bipyridinium 
Dibromide 82, by Winters et. al. 
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b e n d i n g  n e a r  7 3 0  c m - 1 . T h e  1 H N M R  s p e c t r u m  o f  8 1  s h ow e d  a d o u b l e t  
a t  c5 9 . 0 - 9 . 1 ( 1 H ,  c a r b o n  6 ,  6 ' - p r ot o n s ) , a  s i ng l e t  a t  c5 8 . 5  ( 2 H ,  c a r b o n  
3 , 3 ' )  a d o u b l e t  a t  c5 8 . 4 - 8 . 5  ( 4 H ,  c a r b o n  5 ,  5 '  a n d  3 ,  3 ' - p r o t o n s ) ,  a 
m u l t i p l e t  a t  c5 7 . 4 - 7 . 5  ( 5 H ,  A r  a n d  A r '  p r o t o n s ) ,  a s i n g l e t  a t  c5 6 . 0  
( 4 H ,  1 - C H z  a n d  1 - C H z '  p r o t o n s ) ,  a n d  a s e c o n d  s i n g l e t  a t  c5 3 . 0  ( 6 H ,  
C H 3 ,  C H 3 '  p r o t o n s  a t  C - 2  a n d  C - 2 ' ) .  T h e  1 3c N M R  s p e c t r u m  o f  8 1  
s h ow e d  r e s o n a n c e s  a t  1 6 0 . 0  p p m  ( C - 2 ,  C - 2 ' ) ,  1 5 2 . 5  p p m  ( C-6 ,  C - 6 ' ) ,  
1 4 8 . 9  p p m  ( C - 4 ,  C - 4 ' ) ,  1 3 4 . .  3 p p m  ( C - 3 ,  C - 3 ' ) ,  1 3 0 . 7 - 1 3 2 . 2  p p m  
( a r o m a t i c  C ' s ) ,  1 26 . 9  p p m  ( C - 5 ,  C-5 ' ) ,  6 3 . 9  p p m  ( C  o f  1 -C H z  a n d  
1 - C H z' ) .  2 2 . 9  p p m  ( C  o f  C H 3  a n d  C H 3 ) .  Fu r t h e r  c h a r ct e r i z a t i o n  by 
e l e me n t a l  a n a l y s i s  gave s a t i s fa c t o ry r e s u l t s .  An a q u e o u s  s o l u t i o n  o f  8 1  
was  r e d u c e d  by s o d i u m  d i t h i o n i t e  t o  a d a r k  b l u e  s o l u t i o n  w h i c h  i n d i ­
c a t e d  p r e s e n c e of  a r a d i c a l  cat i o n .  
J .  Reaction of cyanide jon with 1-benzyl-2-ethylpyridinium bromide 22 
A w a t e r - a c e t o n e  s o l u t i o n . , (  22 fl u s h e d  w i t h  n i t r o g e n ,  r e a c t e d  w i t h  
s o l u t i o n  o f  p o t a s s i u m  cya n i d e  i n  w a t e r  a t  r o o m  t e m p e r a t u r e  t o  g i v e  a 
d a r k  b l u e  s o l u t i o n .  T h e  s o l u t i o n  w a s  a l l o w e d  t o  s t a n d  a t  r o o m  
t e m p e ra t u r e  for fi ve d ay s  i n  a s e a l e d  f l a s k .  E l e c t r o n  s p i n r e s o n a n ce 
s p e c t r o s c o p i c  a n a l y s i s  of t h e  b l u e  s o l u t i o n  s h ow e d  t h e  p r e s e n c e of a 
r a d i ca l .  T h e  d a r k  s o l i d  w h i c h fo r m e d  fr o m  t h e  b l u e  s o l u t i o n  d e c o m ­
p o s e d  t o  a s t i cky  g u m  w h e n  e x p o s e d  t o  t h e  a i r .  A l s o ,  t h e  b l u e  s o l u t i o n  
t u r n e d  y e l l o w  w h e n  a l l o w e d  t o  s t a n d  i n  t h e  a i r .  T h e s e  p r o p e rt i e s  w e r e  
i n d i c a t i o n s  o f  t h e  p r e s e n c e  of  c a t i o n  r a d i c a l  83 o r  t h e  d i hy d r o  c o rn ­
p o u n d  84 ( F i g u r e  5 2 ) .  T h e  d a r k  s o l i d  was  o x i d i z e d  w i t h  i o d i n e  i n  
9 5 %  e h t h a n o l  a n d  was  p a s s e d  th r o u g h  a n  i o n - e x c h a nge r e s i n  a n d  t h e  
s o l ve n t  was  e v a p o r a t e d  t o  g i v e  a d a r k  s o l i d  w h i c h  d i d  n o t  s h o w  t h e  
c h a r a ct e r i s t i c  b e h a v i o r  o f  t h e  exp e c t e d  d i m e r .  
K .  Reaction of cyanide jon with 1-benzyl-2 6-djmethylpyridinium bromide 29 
C o m p o u n d  2 9  r e a c t e d  w i t h  s o d i u m  cya n i d e  i n  a c e t o n e -w a t e r  w h i l e  
f l u s h i n g  w i t h  n i t r o g e n  t o  g i v e  a d a r k  b l u e  s o l u t i o n  w h i ch s h o w e d  t h e  
p r e s e n c e  o f  a r a d i c a l  85  b y  e l e c t r o n  s p i n  r e s o n a n ce s p e c t r o s copy .  
CH z CH 3 CH 2CH 3 
P h CH ,-b----CN- CH , P h  
CH 2CH 3 CH2CH 3  
P hCH ,-N>:::;=eN- CH , P h 
83 8 4  
F i gure 52 . l , l ' -Di benzyl - 2 , 2 ' -Di ethyl -4 , 4 ' -Bi pyri d i n i um 
Cat i on Rad i cal 83 , and l , l ' -D i benzyl - l , l ' ­
Di hydro - 2 , 2 ' -Di ethyl -4 , 4 ' - B i pyri d i ne 84 . 
CH 3 CH3  
P h CH , -�o-cN - CH ,Ph 
H 3C CH 3 
85 
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P h CH 2 _NM__;==\N - CH 2 Ph \ _ /\ _ ;  
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F i gure 53 . l , l ' -D i benzyl - 2 , 2 ' , 6 , 6 ' -Tetramethyl -4 , 4 ' ­
B i pyrid i n i um Cati on Radi cal 85 , and l , l ' ­
D i benzyl - l , l ' -Di hydro- 2 , 2 ' , 6 , 6 ' -Tetramethyl -
4 , 4 ' - B i pyri d i ne 86 . 00 
Vl 
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A d a r k  s o l i d  f o r m e d  f rom t h e  b l u e  s o l u t i o n .  T h e  s o l i d  d e co m p o s e d  t o  
a s t i ck y  g u m  wh e n  e x p o s e d  t o  t h e  a i r ,  a n d  t h e  b l u e  s o l u t i o n  t u r n e d  
y e l l ow w h e n  a l l ow e d  t o  s t a n d  o p e n  i n  t h e  a t m o sp h e r e ,  i n d i c a t i n g  t h e  
p r e s e n ce o f  8 5  o r  t h e  d i hy d r o  c o m p o u n d  8 6  ( F i g u r e  5 3 ) .  T h e  d a r k  
s o l i d  was  o x i d i z e d  w i t h  oxyg e n  i n  h y d r o g e n  b r o m i d e - 9 5 %  e t h a n o l  
s o l u t i o n ,  p a s s e d  t h r o u g h  a n  i o n - e x c h a n g e  r e s i n a n d, t h e  s o l u t i o n  w a s  
e v a p o r a t e d  t o  g i v e  a d a r k  y e l l ow c o m p o u n d .  T h i s  c o m p o u n d  w a s  
w a s h e d  s e v e r a l  t i m e s  w i t h  w a t e r .  Evap o r a t i o n  o f  t h e  w a t e r  g a v e  a s o l i d  
w h i c h  w a s  r e c r y s t a l l i z e d  f rom 9 5 %  e t h a n o l - e t hy l  e t h e r  t o  g ive  1 , 1 ' ­
d i be n zy l - 2 , 2 ' , 6 , 6 ' - t e t r a m e t h y l - 4 , 4 ' - b i py r i d i n i u m  d i b r o m i d e  8 7  i n  2 0 %  
ove r a l l  y i e l d  ( F i g u r e  5 4 ) .  C o m p o u n d  8 7  d e co m p o s e d  a b o v e  2 4 5 °C. 
T h i s  was  t h e  fi r s t  syn t h e s i s  o f  t h i s  d i m e r  by t h e  r e a c t i o n  o f  29 w i t h  
cy a n i d e  i o n .  T h e  I R  s p e c t r u m  o f  87  s h ow e d  a b s o rp t i o n s  ch arac t e r i s t i c  
o f  a r o m a t i c  C - H  s t r e t ch n e a r  3 2 3 3  c m · l , a l i p h a t i c  C - H  s t r e t c h n e a r  
2 7 9 3  c m · 1 , C-C a n d  C - N  r i ng s t r e t c h i n g n e a r  1 65 7  c m - 1 . T h e  1 H N M R  
s p e c t r u m  o f  8 7  i n  D 2 0  s h owed  a s i ng l e t  a t  <5 8 . 3  ( 4 H ,  c a r b o n  5 ,  5 '  a n d  
3 ,  3 '  p r o t o n s ) ,  a m u l t i p l e t  a t  <5 7 . 1 - 7 . 5  ( 1 0 H ,  A r , A r '  p r o t o n s ) ,  a 
s i ng l e t  a t  <5 6 . 0  ( 4 H ,  l - C H 2 ,  1 - C H 2 '  p r o t o n s ) ,  a n d  a s e co n d  s i n g l e t  a t  
<5 3 . 0  ( 1 2 H ,  C H 3  p r o t o n s  a t  6 ,  6 '  a n d  2 ,  2 '  ca rb o n s ) .  A n  a q u e o u s  
s o l u t i o n  o f  c o m p o u n d  87  a l s o  was  r e d u c e d  by s o d i u m  d i t h i o n i t e  t o  a 
d a r k  b l u e  r a d i c a l  c a t i o n .  C h a r a c t e r i z a t i o n  o f  8 7  by e l e m e n t a l  a n a l y s i s  
g a v e  s a t i s fa c t o ry r e s u l t s .  
3 .  Formation of 2.2' -bis(hydroxymetbyl)-4 4' -bipyrjdjne 89 by debenzylation of com­
pound 75 
C o m p o u n d  75 was  d e b e n zy l a t e d  w i t h  t r i p h e n y p h o s p h i n e  i n  r e fl u x ­
i ng d i m e t hy l fo r m a m i d e  ( D M F ) .  O n  c o o l i n g ,  a w h i t e  s o l i d  for m e d ;  t h e  
s o l i d  w a s  i d e n t i fi e d  t o  b e  b e nzy l t r i p h e ny l p h o s p h o n i u m  b r o m i d e  8 8 .  
T h e  1 H N M R  a n d  I R  s p e ct ro s c o p i c a n a l y s i s  o f  t h i s  c o m p o u n d  s h ow e d  
t h a t  i t  was  i d e n t i ca l  w i t h  a n  a u t h e n t i c  s a m p l e  c o m m e rc i a l l y  ava i l a b l e .  
T h e  r e m a i n i ng D M F  s o l u t i o n  w a s  e v a p o r a t e d  t o  d r y n e s s .  A n  o ff­
w h i t e  s o l i d  o b t a i n e d  was w a s h e d  fou r t i m e s  w i t h  e t h y l  e t h e r  to r e m ove 
a n y  u n r e a c t e d  t r i p h e n y l p h o s p h i n e  a n d  c o m p o u n d  8 9 . W h i t e  s o l i d  
fo r m e d  f rom t h e  e t h e r  s o l u t i o n  o n  c o o l i n g .  S p e c t r o s c o p i c  a n a l y s i s  o f  
t h e  s o l i d  i n d i c a t e d  t h a t  i t  w a s  t h e  e x p e c t e d  d e b e n zy l a t i o n  p r o d u c t 
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F ig ure 54 . Preparati on of l , l ' -D i benzyl -2 , 2 ' , 6 , 6 ' -Tetramethyl -
4 , 4 ' - B i pyri d i n i um Di brom i de 87 . 
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Fi gure 55.  Preparation of 2 , 2 ' -Bis(Hydroxymethyl ) - 4 , 4 ' ­
Bipyridine 89 . 
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2 , 2 ' - b i s ( hy d roxy m e t h y l ) -4 , 4 ' -b i py r i d i n e  89  ( F i g u r e  5 5 ) .  C o m p o u n d  89  
m e l t e d  a t  1 4 9 - 1 5 0° C .  
T h i s  w a s  t h e  f i r s t  s y n t h e s i s  o f  89 r e p o r t e d  to  d a t e .  T h e  I R  
s p e c t r u m  o f  8 9  s h ow e d  a b s o r p t i o n s  c h a r a cte r i s t i c  o f  0 - H  n e ar 3 2 6 0  
c m - 1 , a r o m a t i c  C - H  s t r e t c h  n e a r  3 0 6 0  c m · I , a C - C  a n d  C - N  r i n g  
s t r e t c h i ng n e a r  1 6 1 0  c m - 1 , a n d  a C - H  r i ng b o n d i ng n e a r  8 1 0  c m - 1 . T h e  
1 H N M R  s p e ct r u m  o f  89  i n  C D C I 3  s h ow e d  a b r o a d  p e a k  a t  b 8 . 6  ( 2 H ,  
c a r b o n  6 ,  6 ' -p r o t o n s ) ,  a s i ng l e t  a t  o 7 . 9  ( 2 H ,  c a r b o n  3 ,  3 '  p r o t o n s ) ,  a 
d o u b l e t  a t  o 7 . 6 - 7 . 7  ( 2 H ,  c a r b o n  5 ,  5 ' ,  p r o t o n s ) ,  a b r o a d  p e a k  a t  o 
4 . 9 - 5 . 2  ( 2 H ,  O H  a n d  O H '  p r o t o n s ) ,  a n d  a s i ng l e t  a t  o 4 . 7  ( 4 H ,  
C H 2 0 H a n d  C H 2 0 H ' ) .  T h e  1 3c N M R  s p e c t r u m  o f  89  s h o w e d  
r e s o n a n c e s  a t  1 6 2 . 9  p p m  ( C - 2 ,  C -2 ' ) ,  1 4 9 . 4  ppm ( C - 6 ,  C - 6 ' ) ,  1 4 5 . 2 p p m  
( C - 4 ,  C -4 ' ) ,  1 1 9 . 3  p p m  ( C- 5 ,  C - 5 ' ) ,  1 1 7 . 3  p p m  ( C - 3 ,  C -3 ' ) ,  6 4 . 1 p p m  ( C  
o f  C H 20 H a n d  C H 20 H ' ) .  C h a r a ct e r i z a t i o n  b y  e l e m e n t a l  a n a l y s i s  
gave s a t i s fa c t o ry r e s u l t s .  
4 .  Formation of 2. 2' -djmethyl-4 4' -bipyrjdyl djhydrochlorjde 91 
1 ,  1 ' - D i  b e n zy l - 2 , 2  ' - d i m e  t h y l - 4 , 4  ' - b i  p y r i  d i  n i u m  d i  b r o m i d e  a n d  
t r i p h e n y l p h o s p h i n e  w e r e  h e a t e d  i n  r e f l u x i n g  d i m e t h y l f o r m a m i d e  
( D M F ) .  O n  coo l i n g t h e  s o l u t i o n ,  w h i t e  s o l i d  ap p e a r e d ,  w h i c h  was 
i d e n t i f i e d  t o  be b e n zy l t r i p h e n y l  p h o s p h o n i u m  b r o m i d e  88.  T h e  
s p e c t r o s c o p i c  a n a l y s i s  o f  88 was i d e n t i ca l  w i t h  a n  a u t h e n t i c  s a m p l e  o f  
b e n zy l t r i p h e n y l  p h o s p h o n i u m  b r o m i d e  c o m m e r c i a l l y  ava i l a b l e .  T h e  
d i m e t h y l fo r m a m i d e  s o l u t i o n w a s  e v a p o r a t e d  t o  d r y n e s s ,  a n d  t h e  
r e m a i n i n g  s o l i d  was  d i s s o l v e d  i n  9 5 %  e t h a n o l .  T h e  e t h a n o l  s o l u t i o n  
c o n t a i n e d  t h e  u n r e a c t e d  t r i p h e ny l p h o s p h i n e ,  a n d  t h e  e x p e c t e d  2 , 2 ' ­
d i m e t hy l - 4 , 4 ' - b i py r i d i n e 9 0 .  I t  m a y  b e  v e r y  d i ff i cu l t  t o  s e p a r a t e  
t h e s e t w o  c o m p o u n d s ;  t h e r e fo r e ,  i t  w a s  n e ce s s a ry t o  a c i d i fy t h e  
e t h a n o l  s o l u t i o n  w i t h  h y d r o c h l o r i c  a c i d  s o  t h a t  t h e  b i p y r i d i n e  w o u l d  
f o r m  a d i h y d r o ch l o r i d e  s a l t  a n d  p r e c i p i t a t e  f r o m  t h e  s o l u t i o n .  T h e r e ­
f o r e ,  t h e  e t h a n o l  s o l u t i o n  was  a c i d i fi e d  w i t h  d ry h y d r o g e n  c h l o r i d e  
g a s .  A s  s o o n  a s  t h e  e t h a n o l  s o l u t i o n  b e ca m e  a c i d i c , a w h i t e  s o l i d  
fo r m e d .  T h e  s o l i d  g r a d u a l l y  d i s s o l v e d  b a c k  i n t o  t h e  s o l u t i o n ,  b u t  
p r e c i p i t a t e d  aga i n  o n  c o o l i ng i n  a n  i c e  b a t h .  T h e  w h i t e  s o l i d  was  
i d e n t i f i e d  a s  2 , 2 ' - d i m e t h y l - 4 , 4 ' -b i p y r i d y l  d i h y d r o ch l o r i d e  91  ( F i g u r e  
9 0  
5 6 ) .  C o m p o u n d  9 1  h a s  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  b u t  fr o m  a 
d i ffe r e n t  s yn t h e t i c  r ou t e .  T h i s  i s  t h e  f i r s t  r e p o r t  o n  d e b e n zy l a t i o n  o f  
c o m p o u n d  8 1 .  T h e  1 H N M R  s p e c t r u m  o f  9 1  i n  D 2 0  s h ow e d  a d o u b l e t  
a t  cl 8 . 8 - 8 . 9  ( 2 H ,  c a r b o n  6 ,  6 ' - p r o t o n s ) ,  a s i n g l e t  a t  cl 8 . 4  ( 2 H ,  
c a r b o n  3 ,  3 ' - p r o t o n s ) ,  a d o u b l e t  a t  cl 8 . 2 - 8 . 3  ( 2 H ,  c a r b o n  5 ,  5 '  
p r o t o n s ) ,  a n d  a s i n g l e t  a t  cl 2 . 9  ( 6 H ,  C H 3 ,  C H 3 '  p r o t o n s  a t  2 , 2 '  
c a rb o n s ) .  
5 .  Cobalt Thiocyanate Complexes of· 
A .  2-(Hydroxymethyl)pyrjdjne 92 
C o m p o u n d  92 c o n t a i n e d  n i t r o g e n  a n d  oxyg e n  s u i t a b l e  fo r m e t a l  
c o m p l e x i n g .  C o b a l t  t h i ocya n a t e  w a s  d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  t o  
fo rm a b l u e  s o l u t i o n .  W h e n  9 2  w a s  a d d e d  t o  t h e  b l u e  s o l u t i o n ,  t h e  
s o l u t i o n  i m m e d i a t e l y  t u r n e d  p u r p l e  a n d  a p u r p l e  s o l i d  a p p e a r e d .  
Re crys ta l l i z a t i o n  o f  t h e  s o l i d  f rom m e t h a n o l  fu r n i s h e d  p u r e  c r y s t a l s  o f  
2 - ( h y d r o xy m e t h y l ) py r i d i n e  c o b a l t  t h i ocyana te  c o m p l e x  93 ( F i g u r e  5 7 ) .  
T h i s  m e t a l  c o m p l e x  d e c o m p o s e d  b e fo r e  i t  m e l t e d .  T h e r e  h a s  b e e n  a 
r e p o r t  o n  t h e  p o l a ro g ra p h i c  s t u d y  o f  c o m p l e x  9 2  w i t h  c o b a l t  i o n  [ 1 1 3 ] .  
S i nce  c o b a l t  I I  i s  p a r a m a g ne t i c , i t  was  n o t  p o s s i b l e  t o  o b t a i n  t h e  
n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r u m  o f  t h i s  c o m p l e x .  H ow e v e r ,  t h e  
I R  s p e c t r u m  s h owed  a b s o rp t i o n s  c h a ra c t e r i s t i c  o f  0 - H  n e a r  3 2 5 8  em·  
1 , CN near  2 0 9 6  c m · I , C-S  near  8 1 0  c m - 1 , N CS near  4 6 0  cm- 1 a n d  a 
M - N  n e a r  3 1 0  c m · 1 . C h a r a c t e r i z a t i o n  by e l e m e n t a l  a n a l y s i s  gave  s a t i s ­
fac tory r e s u l t s .  
T h i o c y a n a t e  i o n  ( S e N · )  i s  c a l l e d  a p s e u d o h a l i d e  i o n  b e c a u s e  i t  
r e s e m b l e s  h a l i d e  i o n s  i n  i t s  c h e m i c a l  p r o p e r t i e s .  T h i s  i o n  c a n  c o o r ­
d i n a t e  t o  a m e t a l  t h r o u g h  e i t h e r  o f  t h e  e n d  a t o m s ,  t o  f o r m  e i t h e r  t h e  
s u l fu r  l i n k a g e  ( M - S C N ) ,  c a l l e d  t h e  t h i o c y a n a t e  l i n k a g e ,  o r  t h e  
n i t r o g e n  l i n k age  ( M - N C S ) ,  c a l l e d  t h e  i s o t h i o c y a n a t e  l i n k a g e ,  o r  
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t h r o u g h  b o t h  t h e  s u l fu r  and the  n i t roge n l i n ka g e s  ( M - N C S- M ' ) .  T h e s e  
s t r u c t u r e s  a r e  c a l l e d  l i n kage i s o m e r s .  
C o b a l t  i s  a c l a s s  A m e t a l  ( fi r s t  t r a n s i t i o n  s e r i e s ) .  I t  i s  k n own t o  
form m e t a l - n i t roge n ( M - N )  b o n d e d  c o m p l e x e s ,  a s  o p p o s e d  t o  e i t h e r  
t h e  m e t a l - s u l f u r  ( M - S )  b o n d e d  c o m p l e x e s  o r  t h e  b r i d g i n g  ( M - N C S ­
M ' )  c o m p l e x e s  ( 7 4 ] .  S e v e r a l  w o r k e r s  h a v e  d e v e l o p e d  e m p i r i c a l  
c r i t e r i a  t o  d e t e r m i n e  t h e  b o n d i n g  t y p e  o f  N C S  o r  S C N  g r o u p s  i n  m e t a l  
c o mp l e x e s .  For  t h e  w o r k  p r e s e n t e d  i n  t h i s  d i s s e r t a t i o n ,  t h e  I R  f re ­
q u e n c i e s  f o r t h e  c o m p l e x e s  w e r e  a s s i g n e d  b y  c o m p a r i n g t h e  I R  
s p e c t r u m  o f  t h e  m e t a l - l i g a n d  c o m p l e x  w i t h  t h e  I R  s p e c t r u m  o f  t h e  
c o r r e s p o n d i n g  l ig a n d .  
T h e  CN s t r e t c h i ng fr e q u e n c i e s  w e r e  k nown t o  b e  b r o a d  a n d  l o w e r  
i n  N - b o n d e d  c o m p l e x e s  ( n e a r  2 0 5 0  a n d  2 0 6 5  cm- 1 ) t h a n  i n  S - b o n d e d  
c o m p l e x e s  ( n e a r  2 1 00 cm- 1 ) [ 7 5 ,  1 1 4 ] .  C o m p o u n d  9 3  h a d  a b r o a d  C N  
s t r e t c h i n g  fr e q u e n cy a t  2 0 9 6  cm- 1 . T h e  C - S  fre q u e n cy was  c o n s i d e r e d  
t o  a b s o r b  n e a r  8 6 0 - 7 8 0  c m · 1 f o r  N - b o n d e d  a n d  n e a r  7 2 0- 6 9 0  c m · 1 f o r  
S - b o n d e d  c o mp l e x e s  [ 6 9 , 7 6 , 7 7 ] .  C o m p o u n d  93 h a d  C - S  a b s o rp t i o n  a t  
8 1 0  c m - 1 . I t  was  s u gge s t e d  [ 6 9 ,  7 7 ]  t h a t  t h e  N - b o n d e d  c o m p l e x  e x ­
h i b i t e d  a s i n g l e  s h a rp ( N C S )  a b s o rp t i o n  n e a r  4 8 0  c m - 1 , w h e r e as t h e  
S - b o n d e d  c o m p l e x s h owed  s e v e r a l  b a n d s  o f  l o w  i n t e n s i ty n e a r  4 2 0  
c m - 1 , 9 3  h a d  a s h arp  s i n g l e  a b s o rp t i o n  a t  4 6 0  c m · l .  S o m e  w o r k e r s  h a ve 
a l s o  u s e d  t h e  a b s o r p t i o n  of ( M - N )  a n d  ( M - S )  i n  t h e  f a r - i n fr a r e d  
r e g i o n  ( 6 9 ,  7 8 ]  t o  d i s t i n g u i s h  b e t w e e n  t h e  a b s o rp t i o n s  o f  ( M - N )  a n d  
( M - S ) .  T h e y  p r o p o s e d  t h a t  ( M - N )  h a s  h i g h e r  a b s o r p t i o n .  A comb i n a ­
t i o n  o f  t h e s e fou r c r i t e r i a  w o u l d  prov i d e  r e l i a b l e  s t r u c t u r a l  d i ag n o s i s  
o f  a p a r t i c u l a r  c o m p l e x .  
U d ov e n k o  a n d  P i l i p e n k o  u s e d  i nf ra red  s p e c t o s c o p i c  s t u d i e s  m a d e  
i n  t h e  3 7 0 0 - 4 0 0  cm- 1 r a n g e  t o  c o n c l u d e  t h a t  a c o o r d i n a t i o n  b o n d  w a s  
f o r m e d  b e twe e n  a t r a n s i t i o n  m e t a l  a n d  t h e  n i t r o g e n  a t o m  o f  t h e  2 -
( hy d r o xy m e t hy l ) p y r i d i n e ,  a n d  b e tw e e n  t h e  m e t a l  a n d  t h e  n i t r o g e n  
a t o m  o f  t h e  t h i o cy a n a t e  g r o u p  ( 1 1 5 ] .  
Fo l l ow i ng t h e i r  a rgu m e n t , t h e  b r o a d  i n t e n se p e a k  a t  3 2 5 8  c m · 1 a n d  
t h e  i n t e n s e  p e a k  a t  1 03 9  cm· 1 c o n fi r m e d  t h e  p r e s e n ce o f  a n  u n s u b ­
s t i t u t e d  O H  g r o u p  i n  t h e  c o m p l e x  o f  93  w i t h  cob a l t  I I  ( 1 1 6 ,  1 1 7 ] .  T h e  
v a l e n c e  v i b r a t i o n  b a n d  of  t h e  O H  g r o u p  t h a t  was  n e a r  3 5 0 0  cm- 1 was  
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r e p l a c e d  by a 3258 c m · 1 peak d u e  t o  t h e  for m a t i o n  o f  a c o o r d i n a t i o n  
b o n d  b e twe e n  t h e  O H  g r o u p  a n d  t h e  c o ba l t  ( I I )  a t o m ,  o r  d u e  t o  t h e  
p r e s e n ce o f  a h y d r o g e n  b o n d  i n  t h e  c o m p l e x  93 ( 1 1 7 ] .  
T h e  C - C  a n d  C - N  b o n d  v a l e n c e  v i b r a t i o n  fr e q u e n c i e s  o f  2 -
( hy d roxym e t hy l ) p yr i d i n e  a t  1 5 9 8  a n d  1 5 72  c m · 1 w e r e  s h i ft e d  t owards  
h i g h e r  fre qu e n c i e s  i n  complex  93 t o  1 60 0  a n d  1 5 7 9  c m - 1 . Wi t h  t h e s e  
c h a n g e s ,  a c o n c l u s i o n  c o u l d  b e  m a d e  t h a t  t h e  2 -
( hy d roxy m e t h y l ) py r i d i n e  i n  c o m p l e x  93 was c o o r d i n a t e d  t h r o u g h  t h e  
n i t r o g e n  a t o m  [ 1 1 8 - 1 2 1 ]  r e s p e c t i v e l y .  
T h e  a p p e a r a n c e  o f  t h e  CN v a l e n c e  v i b r a t i o n  fre q u e n cy o f  c o m p l e x  
9 3  a t  2 0 9 6  c m · 1 i n d i c a t e d  a n  i s o t h i o c y a n a t e  s t r u c t u r e  f o r  t h e  
t h i ocya n a t e  g r o u p .  A l s o ,  t h e  s t r o n g  b a n d  a t  8 1 0  c m · 1 i n  t h e  i n frar e d  
s p e c t r u m  o f  c o m p l e x 9 3  cou l d  b e  d u e  t o  t h e  v a l e n ce v i b r a t i o n s  o f  t h e  
t h i o cy a n a t e  g r o u p  c o o r d i 01 a t e d  t h r o u g h  t h e  n i t roge n a t o m .  
T h e r e f o r e , b a s e  o n  t h e s e  i n fo r m a t i o n s ,  t h e  c o m p l e x  o f  93 cou l d  b e  
c o o r d i n a t e d  t o  t h e  c o b a l t  t h r o u g h  t h e  n i t r o g e n a t o m  o f  t h e  2 -
( hyd roxyme t h y l ) py r i d i n e  r i n g  a n d  t h r o u g h  t h e  n i t roge n a t o m  o f  t h e  
t h i o c y a n a t e  g r o u p  fo r m i n g a n  i s o t h i o c y a n a t e  l i n k age a s  s h own i n  f ig­
ure  5 7 .  
I n  a d d i t i o n  t o  t h e  i m p o r t a n ce o f  t h e  v i s i b l e  r e g i o n  s p e c t r a l  p r o p e r ­
t i e s  o f  t r a n s i t i o n  m e t a l  c o m p l e x e s , t h e i r  p ar a m a g n e t i s m  w h i c h a r o s e  
fr om t h e  p r e s e n c e o f  u n p a i r e d  e l e c t r o n s  w a s  c o n s i d e r e d  i mp o r t a n t .  I f  
a m e t a l  i s  pa ramagn e t i c , i t  f o r m s  c o m p l e x e s  t h a t  h ave  s i g n i fi c a n t  mag­
n e t i c  m o m e n t .  C o b a l t  I I  i s  p a r a m ag n e t i c , t h e re fo r e ; t h e  c o m p l e x  93 
was fou n d  t o  h ave  m a g n e t i c  m o m e n t  of 5 . 5 0  B o h r  m a g n e t o n  ( B . M . ) .  
T h i s  p r o p e r t y  i n  t h e  case  o f  c o b a l t  I I  s h o u l d  d e p e n d  o n  t h e  s t r e n g t h  
o f  t h e  m e t a l - l i g a n d  b o n d i n g  [ 1 2 2 ,  1 23 ] .  T h e  r e fl e ct a n ce s p e c t r a  o f  9 3  
g a v e  a b s o rp t i o n s  t h a t  fi t t e d  t h e  Tan a b e - S u g a n o  o c t a h e d r a l  d i agram 
f o r  D q / B  = 0 . 9 3 .  T h e  f i t t i n g  w a s  b e s t  fo r a d i s t o r t e d  o c t a h e d r a l  
d i agram,  m e a n i n g  t h a t  t h e  c o m p l e x  9 3  was a l i t t l e  d i s t o r t e d .  S i n ce a 
f iv e  m e m b e r e d  c h e l a t e  r i ng was  form e d ,  t h e  d i s t o r t i o n  c o u l d  b e  d u e  
t o  i t s  n o n  p l a n a r i ty .  
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C o m p o u n d  8 9  was  d i s s o l v e d  i n  a b s o l u t e  e t h a n o l ,  a n d  a d d e d  t o  a n  
e t h a n o l  s o l u t i o n  o f  cob a l t  t h i o cy a n a t e .  A s o l i d  fo r m e d  o n  m i x i ng t h e  
t w o  s o l u t i o n s .  T h e  e t h a n o l  s o l u t i o n  w a s  d e c a n t e d ,  a n d  t h e  s o l i d  was  
d i s s o l v e d  in  fre s h  a b s o l u t e  e t h a n o l .  T h e  p u r p l e  s o l i d  t h a t  fo r m e d  was  
r e c ry s t a l l i z e d  fro m  m e t h a n o l  t o  g ive  2 , 2 ' - b i s ( hyd roxym e t h y l ) -4 , 4 ' ­
b i py r i d i n e  c o b a l t  t h i ocyan a t e  c o m p l e x  9 4  ( F i g u r e  5 8 ) .  T h i s  c o m p l e x  
d e co m p o s e d  b e fo r e  i t  m e l t e d .  
T h i s  w a s  t h e  f i r s t  r e p o r t  o f  t h i s  c o m p l e x  i n  t h e  l i t e ra t u r e .  T h e  I R  
s p e c t r u m  o f  9 4  s h ow e d  a b s o rp t i o n s  c h a r a c t e r i s t i c  o f  0 - H  n e ar 3 3 5 0  
cm- 1 C N  n e a r  2 0 7 9  cm- 1 • a C-S  n e a r  8 1 3 cm- I , a n  N C S  n e ar 4 6 8  cm- 1 , 
a n d  a M - N  n e a r  3 1 0  cm- 1 . T h e s e  I R  a b s o rp t i o n s  o f  94 c o r r e s p o n d  t o  
t h e  c h a r a c t e r i s t i c  a b s o rp t i o n s  o f  a m e t a l  n i t ro g e n  b o n d e d  c o m p l e x  a s  
exp l a i n e d  i n  t h e  c a s e  of  9 3 .  A g a i n ,  t h e  b r o a d  i n t e n s e  p e a k  a t  3 3 5 0  
cm· 1 a n d  t h e  i n t e n s e  p e a k  a t  1 03 5  cm· 1 c o n fi r m e d  t h e  p r e s e n ce of  a n  
u n s u b s t i t u t e d  O H  g r o u p  i n  t h e  c o m p l e x  9 4 .  T h e  v a l e n c e  v i b r a t i o n  
b a n d  o f  t h e  O H  g r o u p  t h a t  w a s  n e a r  3 5 00 cm· 1 w a s  r e p l a c e d  b y  a 3 1 64 
c m - 1 p e a k  d u e  t o  t h e  fo r m a t i o n  o f  a c o o rd i n a t i o n  b o n d  b e t we e n  t h e  
O H  g r o u p  a n d  t h e  c o b a l t  ( I I )  a t o m  o r  d u e  t o  t h e  p r e s e n c e  o f  a 
h y d r o g e n  i n  t h e  c o m p l e x  9 4 .  
T h e  C - C  a n d  C - N  b o n d  v a l e n c e v i b r a t i o n  f r e q u e n c i e s  i n  2 -
( hy d r oxy m e t hy l ) py r i d i n e  a t  1 5 98  a n d  1 5 72  c m · 1 w e r e  s h i ft e d  t o  h i g h e r  
fre q u e n c i e s  i n  t h e  c o m p l e x  9 4 ,  t o  1 6 05 a n d  1 5 76  c m · 1 r e s p e c t i v e l y .  
W i t h  t h e s e  c h a n g e s ,  a c o n c l u s i o n  c o u l d  b e  m a d e  t h a t t h e  2 , 2 ' ­
b i s ( h y d r o xym e t h y l ) -4 , 4 ' - b i pyr i d i n e  i n  c o m p l ex 9 4  w a s  c o o r d i n a t e d  
t h r o u g h  t h e  n i t r og e n  a t o m .  
T h e  a p p e a r a n c e  o f  ( C N )  v a l e n ce -v i b r a t i o n  fre q u e n cy o f  c o m p l e x  
94 a t  2 0 7 9  c m · 1 i n d i c a t e d  a n  i s o t h i o c y a n a t e  s t r u c t u r e  f o r  t h e  
t h i o c y a n a t e  g r o u p .  A l s o ,  t h e  s t r o n g  b a n d  a t  8 1 3  c m - 1 i n  t h e  i n fra r e d  
s p e c t r u m  o f  c o m p l e x  9 4  c o u l d  b e  d u e  t o  t h e  v a l e n ce v i b r a t i o n s  o f  t h e  
t h i o cy a n a t e  g r o u p  c o o rd i n a t e d  t h ro u g h  t h e  n i t roge n a t o m .  
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T h e refore ,  b a s e d  o n  t h e s e  c r i t e r i a , t h e  c o m p l e x  94  c o u l d  b e  c o o r ­
d i n a t e d  t o  t h e  c o b a l t t h r o u g h t h e  n i t r o g e n a t o m  o f  t h e  2 , 2 ' ­
b i s ( h y d r o xy m e t h y l ) - 4 , 4 ' - b i py r i d i n e  r i n g , a n d  t h r o u g h  t h e  n i t r og e n 
a t o m  o f  t h e  t h i o cy a n a t e  group  as s h own i n  fi g u r e  5 8 .  C h a r a c t e r i z a t i o n  
o f  94  by  e l e me n t a l  a n a l y s i s  g a v e  s a t i sfac t ory  r e s u l t s .  T h e  c o m p l e x  9 4  
h a d  magn e t i c  m o m e n t  o f  4 . 66 B . M  . .  Aga i n ,  t h i s  p r o p e rty  d e p e n d s  o n  
t h e  s t r e n g t h  of  t h e  m e t a l  l i g a n d  b o n d i ng .  Li k e  93 a b o v e ,  t h e  r e fl e c ­
t a n c e  s p e c t r a  of  94  g a v e  a b s o rp t i o n s  t h at fi t t e d  t h e  Ta n a b e - S u g a n o  
o c t a h e d r a l  d i agram f o r  D q / B  = 0 . 9 3 .  Aga i n ,  t h e  fi t w a s  b e s t  fo r a 
d i s t o r t e d  o c t a h e d r a l  d i agra m .  T h e  d i s t o r t i o n  m i g h t  b e  d u e  t o  t h e  s a m e  
r e a s o n  a s  e x p l a i n e d  f o r  t h e  c a s e  of  9 3 .  
C.  2-(2-Hydroxyethyl)pyridjne 95 
A d d i t i o n  o f  95  t o  a b l u e  s o l u t i o n  o f  c o b a l t  t h i ocya n a t e  i n  a b s o l u t e  
e t h a n o l  c h a n g e d  t h e  b l u e  s o l u t i o n  t o  p i n k ,  a n d  a n  o r a n g e -p i n k  s o l i d  
fo r m e d .  T h e  s o l i d  c o u l d  b e  recrys t a l l i z e d  fro m  h o t  m e t h a n o l  t o  g ive  
an  o r a n g e - p i n k  c o m p l e x  of  2 - ( 2 - h y d r o x y e t h y l )  p y r i d i n e  c o b a l t  
t h i o cy a n a t e  9 6  ( F i g u r e  5 9 ) .  T h i s  c o m p l e x  d e c o m p o s e d  b e fo r e  i t  
m e l t e d .  T h e  I R  s p e c t r u m  o f  9 6  s h owed  a b s o rp t i o n s  c h a r a c t e r i s t i c  of  
0-H n e a r  3 2 0 7  c m - 1 • CN n e a r  2 0 8 7  c m - 1 , a C-S  n e a r  850 c m - 1 , N C S  
n e ar 4 1 7  c m · l , a n d  M - N  n e a r  3 2 0  c m - 1 . T h e  a b s o r p t i o n s  w e r e  c o n s i s ­
t e n t  w i t h  t h e  c h a r a c t e r i s t i c  a b s o r p t i o n s  o f  n i t r o g e n - b o n d e d  m e t a l  
c o m p l e x e s .  
Aga i n ,  t h e  p e a k  a t  3 2 0 7  a n d  1 04 9  cm- 1 c o n fi r m e d  t h e  p re s e n ce o f  
a n  u n s u b s t i t u  t e d  O H  gro u p .  T h e  v i b r a t i o n  b a n d  o f  O H  g r o u p  w a s  
s h i ft e d  fro m  3 5 2 0  t o  3 2 0 7  c m - 1 d u e  t o  t h e  form a t i o n  o f  a coord i n a t i o n  
b o n d  b e t w e e n  t h e  O H  g r o u p  a n d  t h e  c o b a l t  ( I I )  a t o m  o r  d u e  t o  t h e  
p r e s e n c e  o f  a h y d roge n b o n d  i n  t h e  c o m p l e x  9 6 .  T h e  C - C  a n d  C - N  
b o n d  v a l e n ce v i b r a t i o n  fre q u e n c i e s  i n  2 - ( 2 - h y d roxy e t h y l ) pyr i d i n e  9 5  
a t  1 6 05  a n d  1 5 8 0  c m - 1 w e r e  r e p l a c e d  by b a n d  a t  1 6 1 3  a n d  1 5 85 c m - 1 .  
C o m b i n i n g  t h e s e  c r i t e r i a , t h e  c o m p l e x  9 6  c o u l d  b e  c o o rd i na t e d  t o  t h e  
c o b a l t  t h r o u g h  t h e  n i t r o g e n  a t o m  o f  9 5 ,  a n d  t h r o u g h  t h e  n i t r og e n  
a t o m  o f  t h e  t h i ocya n a t e  g r o u p ,  ( F i g u r e  5 9 ) .  E l e m e n t a l  a n a l y s i s  o f  t h e  
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I t s  m a g n e t i c  m o m e n t  was  fou n d  t o  b e  5 . 05  B . M .  Th e r e fl e c t a n c e  
s p e c t r a  o f  9 6  g a v e  a b s o r p t i o n s  t h a t f i t t e d  t h e  Ta n a b e - S u g a n o  o c ­
t a h e d ra l  d i ag r a m  f o r  D q / B  = 0 . 9 5 .  T h e  fi t was  a l m o s t  p e r fe c t  fo r a 
p e rfe c t  o c t a h e d r a l  d i ag r a m ,  m e a n i n g  t h a t t h e  c o m p l e x  9 6  w a s  n o t  
d i s t o r t e d .  S i n c e a s i x  m e mb e r e d  c h e l a t e  r i n g  w a s  fo r m e d ,  t h e r e  
s h o u l d  n o t  b e  s t r a i n  i n  t h e  c o m p l e x .  
SUMMARY 
T h e  r e a c t i o n s  o f  s u b s t i t u t e d  p y r i d i n e s  w i t h  m e t h y l  i o d i d e  o r  b e nzy l  
b r o m i d e  in  d ry a c e t o n e  for m e d  t h e i r  c o r r e sp o n d i n g  s a l t s  a s  e x p e c t e d .  
R e a c t i o n s  o f  t h e  s u b s t i t u t e d  p y r i d i n i u m  s a l t s  w i t h  p o t a s s i u m  o r  
s o d i u m  cya n i d e  i n  w a t e r ,  a c e t o n e ,  a c e t o n e -w a t e r ,  o r  e t h a n o l  s o l u t i o n s  
fo r m e d  d a r k  b l u e  o r  g r e e n  s o l u t i o n s  i n  m o s t  c a s e s .  E l e c t r o n  s p i n  
r e s o n a n ce s p e c t roscopy  s h ow e d  t h e  p r e s e n c e  o f  a r a d i c a l  i n  t h o s e  d a r k  
b l u e  o r  g r e e n  s o l u t i o n s .  A d a r k  s o l i d  fo r m e d  f r o m  t h e  s o l u t i o n s ;  
ox i d a t i o n  o f  t h e  s o l i d  w i t h  e t h a n o l i c  i o d i n e  a c e t o n e  s o l u t i o n  o r  a c i d i c  
e t h a n o l  s o l u t i o n  r e s u l t e d  i n  t h e  fo r m a t i o n  o f  t h e  c o r r e s p o n d i n g 
d i m e r s  i n  s o m e  c a s e s ,  a n d  i n  o t h e r  c a s e s ,  o t h e r  p r o d u c t s  w e r e  i s o ­
l a t e d .  
I t  w a s  obv i o u s  t h a t  a s u b s t i t u e n t  [ e g ,  2 - ( a cy l a m i n o )  g r o u p ]  o n  t h e  
pyr i d i n i u m  s a l t  d i d  n o t  a l l ow r e a c t i o n  o f  s u c h  s a l t s  w i t h  cy a n i d e  i o n .  
Fo r e x a m p l e ,  1 - b e n zy l - 2 - ( a cy l a m i n o ) pyr i d i n i u m  b r o m i d e ,  1 7  d i d  n o t  
r e a c t  w i t h  cya n i d e  i o n  as  e x p e c t e d  b u t  ra t h e r  h y d r oge n b r o m i d e  was  
e l i m i n a t e d  w h e n  t h e  s l o l u t i o n  was  h e a t e d  t o  a b o i l ,  and 1 - b e n z y l ­
pyr i d i n i u m - 2 - a cy l i m i d e , 6 6  was  fo r m e d .  
T h e r e  w a s  o n e  k e y  t o  t h e  r e a c t i o n s  o f  a l l  t h e  s u b s t i t u t e d  
pyr i d i n i u m  s a l t s  p r e s e n t e d  i n  t h i s  d i ss e r t a t i o n .  A l l  t h e  s u b s t i t u t e d  
pyr i d i n i u m  s a l t s  r e a c t e d  w i t h  cya n i d e  i o n  t o  fo rm a c y a n o  a d d u ct o f  
t h e  for m  s h ow n  i n  F i g u r e  7 .  T h e  a t t a c k  o f  t h e  cy a n i d e  i o n  w a s  a t  t h e  
4 - p o s i t i o n  o f  t h e  s u b s t i t u t e d  pyr i d i n i u m  s a l t s ,  e x c e p t  w h e n  t h e  4 - p o s i ­
t i o n  w a s  b l o c k e d .  
I n  t h e  c a s e s w h e r e t h e  s u b s t i t u e n t  Z w a s  C H 3 , C H 2 0 H ,  o r  
C H 2 C H 2 0 H ,  a n d  a t  t h e  2 - p o s i t i o n s  o f  t h e  p y r i d i n i u m  s a l t s ,  t h e  a d d u ct 
9 d i m e r i z e d .  I n  t h e  c a s e s  w h e re Z was  CN a n d  a l s o  a t  t h e  2 - p o s i t i o n  
o f  t h e  pyr i d i n i u m  s a l t ,  t h e  a d d u ct 9 fo r m e d  c o m p l i c a t e d  p r o d u c t s  d u e  
t o  t h e  h y d r o l y s i s ,  o x i d a t i o n ,  a n d  o t h e r  r e a c t i o n s  of  t h e  2 - C N  g r o u p s  i n  
b a s i c  s o l u t i o n s  [ 8 6 ,  8 8 ) .  F i n a l l y ,  i n  t h e  case s w h e r e  Z was  CN a n d  a t  
t h e  3 -p o s i t i o n  o f  t h e  py r i d i n i u m  s a l t s ,  t h e  a d d u c t  9 was  s t a b l e  e n o u g h  
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t o  b e  i s o l a t e d .  T h e  d i m e r  75 was r e d u c e d  i n  a q u e o u s  s o l u t i o n  a t  
p o t e n t i a l  ( E 0 )  o f  a b o u t  - 0 . 3 4v .  T h i s  p o t e n t i a l  c o u l d  b e  c o n s i d e r e d  
g o o d  for  t h i s  s a l t  t o  b e  a c t i v e  as  a h e r b i c i d e .  
S i n c e  t h i s  w a s  t h e  f i r s t  s y n t h e s i s  o f  1 , 1 ' - d i b e n z y l - 2 , 2 ' ­
b i s ( h y d roxym e t h y l ) -4 , 4 ' - b i p yr i d i n i u m  d i b r o m i d e ,  i t  was  o f  i n t e re s t  
t o  d e t e r m i n e  w h e t h e r  o r  n o t  i t  c o u l d  f o r m  a c o m p l e x  w i t h  a m e t a l  
s i n ce i t  h a d  t h e  a p p r o p r i a t e  n i t roge n a n d  oxyg e n  n e e d e d  for  m e t a l  
c o m p l e x i n g .  To d o  t h i s ,  7 5  h a d  t o  b e  d e b e n z y l a t e d .  D e b e n zy l a t i o n  w a s  
a c c o m p l i s h e d  by h e a t i n g  i t  w i t h  t r i p h e n y l p h o sp h i n e  i n  r e f l u x i n g  D M F  
t o  g i v e  2 , 2 ' - b i s ( h y d r o x y m e t h y l ) - 4 , 4 ' - b i p y r i d i n e .  1 , 1  ' - D i b e n zy l - 2 , 2 ' ­
d i m e t h y l - 4 , 4 ' - b i py r i d i n iu m  d i b r o m i d e  w a s  a l s o  d e b e n zy l a t e d  t o  g i v e  
2 , 2 ' - d i m e t hy l - 4 , 4 ' - b i py r i d i n e ,  w h i c h  was  a c i d i fi e d  a n d  t h e  s a l t  2 , 2 ' ­
d i m e t h y l - 4 , 4 ' -b i py r i d y l  d i h y d r o c h l o r i d e  9 1  w a s  fo r m e d .  T h i s  w a s  t h e  
f i r s t  d e b e n zy l a t i o n  o f  b i p y r i d i n i u m  s a l t s .  I f  t h i s  i s  t h e  f i r s t  s y n t h e s i s  
o f  t h e  d i m e r  7 5 ,  i t  i s  a l s o  t h e  f i r s t  s y n t h e s i s  o f  2 , 2 ' ­
b i s ( h y d roxy m e t h y l ) - 4 , 4 ' - b ip y r i d i n e  89 .  R e a c t i o n  o f  8 9  w i t h  c o b a l t  
t h i o cy a n a t e  fo r m e d  2 , 2 ' - b i s ( h y d r o x y m e t h y l ) - 4 , 4 ' - b i p y r i d i n e  c o b a l t  
t h i o cya n a t e  c o m p l e x .  A l s o ,  r e a c t i o n  o f  2 - ( hy d r oxy m e t h y l ) py r i d i n e  a n d  
2 - ( 2 - h y d r oxy e t h y l ) pyr i d i n e w i t h  c o b a l t  t h i o c y a n a t e  fo r m e d  t h e  c o r ­
r e s p o n d i n g c o m p l e x e s .  
• EXPERIMENTAL 
M e l t i n g  p o i n ts w e r e  d e t e r m i n e d  o n  a F i s h e r- J o h n s  m e l t i ng p o i n t  
a p p a r a t u s  a n d  w e r e  u n c o r r e ct e d .  I n fra r e d  ( I R )  s p e c t r a  w e r e  o b t a i n e d  
o n  a P e r k i n  E l m e r  2 8 3  s p e c t r op h o t o m e t e r  a n d  o n  a N i c o l e t  7 4 0  FT- I R  
i n s t r u m e n t .  U l t rav i o l e t  ( U V )  s p e c t r a  w e r e  m e as u r e d  o n  a H e w l e t t  
P a c k a r d  8 4 5 2  A D i o d e  A r r ay s p e c t r op h o t o m e t e r .  E l e m e n t a l  a n a l y s i s  
w e r e  p e r fo r m e d  by A t l a n t i c  M i c r o l ab ,  I n c . ,  A t l a n t a  G e o rg i a .  P r o t o n  
a n d  carb o n  1 3  n u c l e a r  m a g n e t i c  r e s o n a n ce ( 1 H a n d  1 3 c N M R )  s p e c t r a  
w e r e  o b t a i n e d  u s i n g d e u t e r o c h l o r o f o r m ,  d e u t e r i u m  o x i d e  a n d  
d e u t e r o d i m e t h y l  su l fo x i d e  a s  s o l v e n t s  a n d  t e t ra m e t hy l s i l a n e  a n d  3 -
( t r i m e t h y l s i l y l ) - p r o p a n e  s u l fo n i c  a c i d ,  s o d i u m  s a l t  a s  i n t e r n a l  s t a n d ­
a r d s .  1 H N M R  s p e c t r a  w e r e  r e c o rd e d  o n  a Va r i a n  E M 3 60A M H z  N M R  
s p e c t r o m e t e r  o r  o n  a J E O L  F X 9 0  9 0  M H z  N M R  s p e c t r o p h o t o m e t e r  
l o c a t e d  i n  t h e  C h e m i s t ry D e p a r t m e n t  a t  V i rg i n i a  C o m m o nw e a l t h  
U n i v e r s i t y .  1 3C - N M R  s p e c t r a  w e r e  r e c o r d e d  o n  a J E O L  F X 9 0  N M R  
s p e c t r o m e t e r .  E l e c t r o n  s p i n  r e s o n a n c e  ( E . S . R . )  s p e c t r a  w e r e  
r e c o r d e d  o n  a Va r i a n  E - 9  E . S . R  s p e c t r o m e t e r .  G a s C h r o m a t o g­
r a p h y / M a s s  S p e c t r a  ( G C/ M S )  w e r e  r e c o r d e d  o n  a H ew l e t t  Packard  
RTE 5 8 9 0  G C/ M S  s p e c t r o m e t e r  loca ted  in  the  P h a r m a c o l ogy D e p a r t ­
m e n t  a t  Vi rg i n i a  C o m m o nwe a l t h  U n i v e r s i t y .  M a g n e t i c  m o m e n t  was  
d e t e r m i n e d  wi th  a Cahn e l e ct r o b a l a n c e  T R L  Far a day  M a g n e t i c  s u s ­
c e p t i b i l i t y .  R e f l e c t a n c e  s p e c t r a  w e r e  r e c o r d e d  o n  a Va r i a n  C a r y  2 3 9 0  
U V-V I S  N I R  s p e ct r o p h o t o m e t e r  l o c a t e d  i n  t h e  C h e m i st ry  D e p a r t m e n t  
a t  H a m p t o n  U n iv e r s i ty ,  H a m p t o n ,  V i rg i n a .  I o n - ex c h a n g e  w e r e  p e r ­
fo r m e d  u s i n g  a 3 e m  x 4 0  em c o l u m n  o f  A m b e r l i t e  I RA-400 ,  from 
P o l ys c i e n c e ,  I n c .  Wa r r i n g t o n  Pa.  R e d u c t i o n  p o t e n t i a l  was d e t e r ­
m i n e d  o n  a P r i n c e t o n  A p p l i e d  R e s e a r c h  P o l a r o g r a p h i c  A n a l y z e r  
M o d e l  1 74 l o c a t e d  i n  t h e  C h e m i st ry  D e p a r t m e n t  a t  V i r g i n i a  C o m m o n ­
w e a l t h  U n i v e r s i t y .  Pa r a fi l m  " M "  u s e d  was  o b t a i n e d  f rom G r e e nw h i c h ,  
D i v i s i o n  o f  A m e r i ca n  Can  C o m p a n y .  M o s t  r e a g e n t s  w e r e  p u r c h a s e d  
f r o m  A l d r i c h  a n d  L a n cas t e r  C h e m i c a l  C o .  a n d  w e r e  u s e d  w i t h o u t  fu r-
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t h e r  p u r i fi c a t i o n .  Ace t o n e  was  p u r i fi e d  by  d i s t i l l a t i o n  from p o t a s s i u m  
c a r b o n a t e  a n d  p o t a s s i u m  p e rm a n g a n a t e  a n d  s t o r e d  ove r p o t a s s i u m  
c a rb o n a t e .  
B .  Preparation of Pyridinium Salts 
1 .  1-Methyl-2-acetylpyridinium iodide 10 (2-acetylpyridine metbiodide) 
A s o l u t i o n  o f  2 2 . 00g  ( 0 . 1 8  m ol e )  of 2 - a c e ty l py r i d i n e  a n d  3 8 . 75 g  
( 0 . 2 7  m o l e )  o f  m e t hy l  i o d i d e  d i ss o l v e d  i n  1 80 m L  o f  d ry a c e t o n e  was  
h e a t e d  u n d e r  r e f l u x  for 4 days  ( 9 6  h o u r s ) .  A d o u b l e  c o n d e n s e r  was  
u s e d  t o  p r e v e n t  exces s ive  e v a p o r a t i o n  o f  the  methy l  i o d i d e .  A d ar k  
y e l l o w  s o l i d  s t a r t e d  app e a r i ng aft e r  2 4  h o u r s  o f  r e fl u x i n g .  The  h e at ­
ing  was  s topped  when  t h e  s i z e  of  t h e  s o l i d  r e m a i n e d  c o n s t a n t .  F i l t ra ­
t i o n  a n d  r e crys t a l l i za t i o n  of  t h e  s o l i d  f r o m  9 5 %  e t h a n o l - e t h y l  e t h e r  
y i e l d e d  1 4 . 8 8 g  ( 4 5 % )  o f  1 - m e t hy l - 2 - a c e t y l p y r i d i n i u m  i o d i d e  1 0 , m p  
1 6 1 - 1 6 2°C,  r e p o r t e d  1 62 - 1 6 3 °C ( 4 8 ] .  I R  ( K B r ) : 3 0 4 0 ,  1 7 1 0 , 1 6 2 0 ,  7 6 0  
c m - 1 . 1 H N M R  ( D M S O - d 6 ) : cl 9 . 1 8 - 9 . 2 5  ( d ,  1 H , 6 - H ) ,  8 . 6 1 - 8 . 84 ( m ,  
2 H ,  3 - H ,  4 - H ) ,  8 . 2 2 - 8 . 4 0  ( m ,  1 H ,  5 - H ) ,  4 . 3 8  ( S , 3 H ,  l - C H 3  p r o t o n s ) ,  
2 . 8 5 ( S ,  3 H ,  C - C H 3  p r o t o n s ) .  1 3C N M R  ( D M S O - d 6 ) : p p m  1 9 4 . 4  
( C = O ) ,  1 4 8 . 7  ( C- 6 )  1 4 7 . 8  ( C - 2 ) ,  1 4 6 . 6  ( C - 4 ) ,  1 29 . 3  ( C -5 ) ,  1 2 8 . 1  ( C -3 ) ,  
4 1 . 5  ( C  o f  1 - C H 3 ) ,  3 0 . 3  ( C  o f  C-C H 3 ) .  
2 .  1-Metbyl-2-bromopyridinium iodide 1 1  (2-bromopyridjne methiodide) 
I n to  a r o u n d  b o t t o m  f l a sk  was  p l a c e d  1 5 . 00g ( 0 . 0 9  m o l e )  o f  2 -
b r o m opy r i d i n e ,  d i s s o l v e d  i n  2 0  mL o f  d ry a c e t o n e .  1 3 . 4 8 g  ( 0 . 09 m o l e )  
o f  m e t h y l  i o d i d e  d i s s o l v e d  i n  3 0  m L  o f  d ry a c e t o n e  was  a d d e d  a n d  t h e  
r e a ct i o n  m i x t u r e  w a s  h e a t e d  t o  r e f l u x .  Aft e r  t h i r ty  m i n u t e s ,  w h i t e  
s o l i d  a p p e a r e d .  Aft e r  t e n  h o u r s  o f  h e a t i ng ,  r e f l u x i n g  w a s  s t o pp e d .  
T h e  r e a c t i o n  m i x t u r e  w a s  c o o l e d  i n  a n  i c e  b a t h .  T h e  s o l i d  w a s  fi l t e re d  
a n d  w a s h e d  w i t h  d ry a c e t o n e .  Re crys t a l l i z a t i o n  f r o m  9 5 %  e t h a n o l ­
e t h y l  e t h e r  g a v e  1 -m e t hy l - 2 - b r o m o p yr i d i n i u m  i o d i d e  1 1 , a s  a w h i t e  
s o l i d  1 8 . 1 0g ( 7 5 % )  m p  2 0 7 - 2 0 8 °C ( d e c ) ,  r e p o r t e d  2 0 8 - 2 0 9 °C ( d e c ) ,  
[ 9 2 ] .  I R  ( K B r ) :  3 0 6 9 ,  1 6 1 4 , 7 7 0  cm- 1 . 1 H N M R  ( D S M O - d 6 ) :  cl 9 . 4 - 9 . 5  
( d ,  1 H ,  6 - H ) ,  8 . 4 - 8 . 5  ( d ,  1 H ,  3 - H ) ,  8 . 3 - 8 . 00 ( m ,  2 H ,  5 - H ,  4 - H ) ,  4 . 5  ( S ,  
3 H ,  1 - C H 3  p r o t o n s ) .  
3. 1-methyl-2-cyanopyrjdjnjum iodide 1 2  (2-cyanopyridine methiodide) 
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F o l l o w i n g  t h e  p r o c e d u r e  r e p o r t e d  b y  E l l i n  [ 8 6 ] ,  a s o l u t i o n  o f  
1 5 . 1 0g ( 0 . 1 4  m o l e )  o f  2 - cy a n op y r i d i n e ,  a n d  2 0 . 5 0 g  ( 0 . 1 4  m o l e )  o f  
m e t h y l  i o d i d e  w a s  d i s s o l v e d  i n  8 0  m L  o f  d ry a c e t o n e .  T h e  r e a c t i o n  
m i x t u r e  was  h e a t e d  u n d e r  r e fl u x  f o r  t w e l v e  h o u rs .  Ye l l ow s o l i d  c o n ­
t i n u e d  fo r m i ng f r o m  t h e  s o l u t i o n  t h r o u g h o u t  t h e  r e fl u x i n g  p e r i o d .  A t  
t h e  e n d  o f  t h e  r e a c t i o n ,  t h e  r e a c t i o n  m i x t u re was  c o o l e d ,  a n d  t h e  
s o l u t i o n  w a s  fi l t e r e d  a n d  t h e  s o l i d  was  c o l l e c t e d  a n d  r e c rys ta l l i z e d  
fro m  9 5 %  e t h a n o l - e t h y l  e t h e r  t o  g i v e  2 8 . 5 0g ( 8 0 % )  o f  1 - m e t h y l - 2 -
c y a n o py r i d i n i u m  i o d i d e ,  mp  1 84 - 1 85 °C,  r e p o r t e d  1 83 - 1 84 °C [ 8 6 ] .  I R  
( KB r ) :  3 0 4 0 , 2 9 8 0 , 2 22 0 ,  1 6 1 0 , 7 6 0  cm- 1 . 1 H N M R  ( D2 0 ) :  o 9 . 1 9 - 9 . 2 5  
( d ,  1 H ,  6 - H ) ,  8 . 8 3 - 8 . 92 ( m , 1 H ,  4 - H ) ,  8 . 7 2 - 8 . 7 5  ( m ,  1 H , 3 - H ) ,  8 . 5 2 - 8 . 6 6  
( m ,  1 H ,  5 - H ) ,  4 . 63 ( S ,  3 H ,  1 - CH3 p r o t o n s ) .  1 3C N M R ( D 2 0 ) :  p p m  
1 5 1 . 4 ( C - 6 ) ,  1 4 8 . 7  ( C -4 ) ,  1 3 6 . 3  ( C - 3 ) ,  1 3 4 . 0 ( C-5 ) ,  1 1 2 . 5  ( C N ) ,  5 1 . 3 ( C  
o f  1 - C H 3 ) .  
4 .  1-Methyl-3-cyanopyridinium iodjde13 (3-cyanopyridine methiodjde) 
U s i n g  t h e  s a m e  p r oce d u re as i n  t h e  p r e p a r a t i o n  o f  1 - m e t h y l - 2 -
cya n o py r i d i n i u m  i o d i d e ,  2 0 . 00g ( 0 . 1 9  mo l e )  of  3 - cyanopyr i d i n e  a n d  
2 7 . 00g  ( 0 . 1 9  m o l e )  o f  m e thy l  i o d i d e  w e r e  d i ss o l v e d  i n  1 5 0  m L  o f  d ry 
ac e t o n e .  T h i s  m i x t u r e  was  h e a t e d  at r e fl u x  for  e i g h t  h o u r s .  The  r e a c ­
t i o n  m i x t u r e  was  f i l t e r e d  a n d  a ye l l ow s o l i d  was  c o l l e c t e d  a n d  r e c rys ­
t a l l i z e d  fr o m  9 5 % e t h a n o l - e t h y l  e t h e r  to  g i v e  4 0 . 2 0 g  ( 8 5 % )  o f  
1 - m e t h y l - 3 - c y a n o p y r i d i n i u m  i o d i d e  1 3 ,  m p  1 9 6 - 1 9 7°C ,  r e p o r t e d  
1 94 . 5 - 1 9 6 . 1 °C [ 8 7 ]  I R  ( K B r ) : 3 0 6 0 ,  2 9 6 0 ,  2 2 4 0 ,  1 6 3 0 ,  7 8 0  c m - 1 . 1 H 
N M R  ( D M S O - d 6 ) :  o 9 . 8  ( S ,  1 H ,  2 - H ) ,  9 . 2 - 9 . 3  ( d ,  1 H ,  6 - H ) ,  9 . 0 - 9 . 1  ( d ,  
1 3  1 H , 4 - H ) ,  8 . 2 - 8 . 4  ( m ,  1 H ,  5 - H ) ,  4 .4 4  ( S ,  3 H ,  1 -C H 3  p r o t o n s ) .  C N M R  
( D M S O - d 6 ) :  p p m  1 4 9 . 5  ( C - 2 ) ,  1 4 8 . 9  ( C - 6 ) ,  1 4 8 . 0  ( C - 4 )  1 27 . 8  ( C- 5 ) ,  
1 1 3 . 6  ( C-3 ) ,  1 1 2 . 0  ( C N ) ,  4 8 . 6  ( C  of  1 -C H 3 ) .  
5 .  1-Methyl-4-cyanopyridinium iodide 1 4  (4-cyanopyridine methiodide) 
U s i ng t h e  s a m e  p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  1 - m e t h y l - 2 -
c y a n o py r i d i n i u m  i od i d e ,  3 0 . 00g ( 0 . 2 8  m o l e )  o f  4 -c y a n o p yr i d i n e ,  a n d  
4 0 . 9 0 g  ( 0 . 2 8  m o l e )  o f  m e t h y l  i o d i d e  d i s s o l v e d  i n  2 0 0  m L  o f  d r y  
a c e t o n e  w a s  h e a t e d  a t  r e fl u x  f o r  f ive  h o u r s .  T h e  d ar k  y e l l o w  s o l i d  
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p r e c i p i t a t e d  f rom t h e  a ce t o n e  s o l u t i o n  a s  s o o n  a s  t h e  r e a c t i o n  m i x ­
t u r e  b e ca m e  w a r m .  At  t h e  e n d  o f  t h e  r e a c t i o n ,  t h e  f l a s k  w i t h  c o n t e n t  
was  c o o l e d  i n  a n  i c e  b a t h .  T h e  y e l l o w  s o l i d  c o l l e ct e d  was  re crys t a l l ­
i z e d  a s  a b ov e  t o  g ive  6 7 . 3 0g ( 9 5 % )  o f  1 - m e t h y l - 4 - cy an o p y r i d i n i u m  
i o d i d e  1 4 ,  m p  1 9 7 . 5 - 1 98 . 5 ° C r e p o r t e d  1 9 8 . 5 - 1 9 9 . 5 °C [ 8 8 ] .  I R  ( K B r ) : 
3 0 2 0 ,  2 2 4 0 ,  1 6 3 0 ,  8 3 0  cm- 1 1 H N M R ( D M SO - d6 ) :  o 9 . 3 3 - 9 . 3 9  ( d ,  2 H ,  
6 - H ,  2 - H ) ,  8 . 7 1 - 8 . 7 7  ( d ,  2 H ,  5 - H ,  3 - H ) ,  4 .4 8  ( S ,  3 H ,  1 - C H 3  p r o t o n s ) .  
1 3C N M R  ( D M S O - d 6 ) :  ppm 1 4 6 . 7  ( C - 6 ,  C - 2 ) ,  1 3 0 . 2  ( C- 5 ,  C - 3 )  1 2 6 . 1 
( C - 4  ) ,  1 1 4 . 5  ( C N ) ,  4 9 . 9  ( C  o f  1 - C H 3 ) .  
6 .  1-Methyl-2 4-dicyanopyddinium iodide 15 (2 4-dicyanopyridine methiodide) 
5 . 00g ( 0 . 04 m o l e )  o f  2 , 4 - d i cy a n o py r i d i n e ,  a n d  2 2 . 8 0g ( 0 . 1 1  m o l e )  
o f  m e t h y l  i o d i d e  w a s  r e f l u x e d  f o r  s e v e n ty- two h o u r s .  A d o u b l e  c o n ­
d e n s e r  w a s  u s e d  t o  p r e v e n t  e x c e s s i v e  e v a p o r a t i o n  o f  t h e  m e t h y l  
i o d i d e .  T h e  h o t  r e a c t i o n  m i x t u r e  was  vacu u m  fi l t e r e d .  T h e  d a r k  r e d  
s o l i d  o b t a i n e d  w a s  w a s h e d  w i t h  t w o  5 m L  p o r t i o n s  o f  a n h y d r o u s  e t h y l  
e t h e r , to  r e m o v e  t h e  u n r e a ct e d  2 , 4 - d i cy a n o p y r i d i n e .  T h e  r e s u l t i ng 
d a r k  r e d  s o l i d  was  d r i e d  a n d  re cryst a l l i z e d  from 9 5 %  e t h a n o l - e t h y l  
e t h e r  to  g i v e  3 . 3 0g ( 6 5 % )  o f  1 - m e t h y l -2 , 4 - d i cy a n o py r i d i n i u m  i o d i d e  
1 5 ,  m p  1 8 6 - 1 8 7 °C ,  I R  ( K B r ) : 3 08 0 ,  2 9 9 0 ,  2 2 4 0 ,  2 2 2 0 ,  1 6 60 ,  8 5 0  cm- 1 . 
1 H M' M R  ( D M S O - d 6 ) :  o 9 . 6 7 - 9 . 7 2  ( d ,  1 H , 6 - H ) ,  9 . 4 9  ( S , 1 H , 3 - H ) ,  
9 . 0 9  ( d ,  1 H , 5 - H ) ,  4 . 6 0  ( S , 3 H ,  1 - C H 3  p ro t o n s ) .  1 3C N M R  ( D M S O - d 6 ) :  
p p m  1 4 9 . 2  ( C- 6 ) ,  1 3 3 . 6  ( C - 3 ) ,  1 2 8 . 8  ( C - 5 ) ,  1 1 2 ( C N  a t  C - 4 ) ,  1 0 9 ( C N  
a t  C - 2 ) ,  4 8 . 6  ( C  o f  1 - C H 3 ) .  
A n a l .  c a l c d .  f o r  C s H 6N 3 1 ;  C,  3 5 . 5 3 ;  H ,  2 . 2 5 ;  N ,  1 5 .4 0 .  Fo u n d :  C ,  
3 5 . 4 4 ;  H ,  2 . 2 4 ;  N ,  1 5 . 5 1 .  
7. 1-Metbyl-2 6-dimetbylpyridinium iodide 16 (2 6-dimetbylpyridine methiodide) 
I n t o  a r o u n d  b o t t o m  f l a s k  was  p l a c e d  1 5 . 00g  ( 0 . 1 4  m o l e )  o f  2 , 6 -
d i m e t h y l p y r i d i n e  ( 2 , 6 - l u t i d i n e )  ( A l d r i c h ) ,  d i s s o l v e d  i n  5 0  m L  o f  dry  
a c e t o n e  t o  w h i c h  2 2 . 00g  ( 0 . 1 5  m o l e )  o f  m e t h y l  i o d i d e  w a s  a d d e d .  As  
d e s c r i b e d  for  the  p r e p a r a t i o n  o f  1 - me t h y l - 2 - cy a n o py r i d i n i u m  i o d i d e ,  
a d o u b l e  c o n d e n s e r  w a s  u s e d  t o  p r e v e n t  e v ap o r a t i o n  o f  t h e  m e t h y l  
i o d i d e .  T h e  f l a s k  w i t h  c o n t e n t s  w a s  h e a t e d  u n d e r  r e f l u x  f o r  s e v e n ty ­
two h o u r s .  W h i t e  s o l i d  p r e c i p i t a t e d  from the  r e a ct i o n  mix ture  t h r e e  
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h o u rs a ft e r  s t a r t  o f  h e a t i n g .  T h e  r e a c t i o n  was  a s s u m e d  t o  h ave  b e e n  
c o m p l e t e d  w h e n  p r e c i p i t a t i o n  o f  t h e  w h i t e  s o l i d  s t o pp e d .  T h e  r e a ct i o n  
m i x t u r e w i t h  t h e  s o l i d  w a s  c o o l e d ,  fi l t e r e d ,  a n d  t h e  p r o d u c t w a s  
w a s h e d  w i t h  a c e t o n e .  Re crys t a l l i z a t i o n  from 9 5 %  e t h a n o l - e t hy l  e t h e r  
y i e l d e d  2 3 . 00g ( 6 5 % )  o f  1 - me th y l - 2 , 6 - d i m e t h y l p yr i d i n i u m  i o d i d e .  I R  
( K B r ) :  3 0 2 0 ,  1 63 0 ,  7 9 0  cm- 1 . 1 H N M R  ( D M S O - d 6 ) :  o 8 . 27 - 8 . 4 5  ( m ,  
1 H ,  4 - H ) ,  7 . 8 7 - 7 . 9 6  ( d ,  2 H ,  5 - H ,  3 - H ) ,  4 . 09 ( S ,  3 H ,  1 - C H 3  p r o t o n s ) ,  
2 . 83 ( S ,  6 H ,  C H 3  a t  C - 6 ,  C-2 ) .  1 3c N M R  ( D M SO - d 6 ) :  p p m  1 5 5 . 7  ( C-6 ,  
C - 2 ) ;  1 4 3 . 7  ( C- 4 )  1 26 . 7  (C-5 ,  C-3 ) ;  2 1 . 4 (C  o f  C H 3  a t  6 , 2 ) .  
8 .  1-Benzyl-2-(acylamino)pyridinium bromide 1 7  
T h e  fo l l ow i ng s o l u t i o n s  w e r e  p r e p a r e d :  
a .  2 5 . 0 0 g ( 0 . 1 4  m o l e )  o f  b e n z y l  b r o m i d e  i n  5 0  m L  o f  a n h y d r o u s  
a c e t o n e .  
b .  2 0 . 00g  ( 0 . 1 4  m o l e )  o f  2 - ( acy l a m i n o )  py r i d i n e  d i s s o l v e d  i n  2 5 0  m L  
o f  a n h y d r o u s  a ce t o n e .  
5 0  m L  o f  t h e  b e n zy l  b ro m i d e  s o l u t i o n  was  p l a c e d  i n  a 5 00 m L  r o u n d  
b o t t o m  fl a s k  w h i c h  w a s  e q u i p p e d  w i t h  a C l a i s e n  a d a p t e r .  To o n e  j o i n t  
of  t h e  a d a p t e r  w a s  a t t a c h e d  a c o n d e n s e r  a n d  t o  t h e  o t h e r  a p r e s s u r e  
e q u a l i z i n g a d d i t i o n  fu n n e l .  E a c h  of  t h e s e  w a s  s t o p p e r e d  w i t h  a n  a n ­
h y d r o u s  c a l c i u m  c h l o r i d e  d ry i n g t u b e .  T h e  2 5 0  m L  2 - ( a c y l a m i n o )  
py r i d i n e  s o l u t i o n  w a s  a d d e d  d ro p w i s e  t o  t h e  b e n zy l  b r o m i d e  s o l u t i o n  
w h i l e  i t  w a s  h e a t e d  u n d e r  r e fl u x .  T h e  a d d i t i o n  t o o k  p l a c e  for ap­
p r o x i m a t e l y  o n e  a n d  o n e - h a l f  h o u r s .  A f t e r  a d d i t i o n  of  t h e  2 -
( a cy l a m i n o )  py r i d i n e ,  t h e  r e a ct i o n  m i x t u re was  r e fl u x e d  a n  a d d i t i o n a l  
e i g h t  h o u r s .  
T h e  s o l u t i o n  b e c a m e  c l o u d y  as  t h e  2 - ( a cy l a m i n o )  pyr i d i n e  was  
ad d e d ;  a ft e r  about  t h i r ty  m i n u t e s ,  t he  c l o u d i n e ss d i s a p p e a r e d  a n d  a 
w h i t e  s o l i d  b e g a n  p r e c i p i t a t i n g  fro m  t h e  s o l u t i o n .  W h e n  p r e c i p i t a t i o n  
o f  t h e  s o l i d  s t o p p e d ,  t h e  h e a t i ng w a s  s t o pp e d .  T h e  a c e t o n e  s o l u t i o n  
w i t h  t h e  w h i t e  s o l i d  w a s  c o o l e d  i n  a n  i c e  b a t h .  T h e  s o l u t i o n  w a s  fi l ­
t e r e d ,  a n d  t h e  s o l i d  t h e  w a s h e d  w i t h  c o l d  a c e t o n e ,  a n d  r e c ry s t a l l i z e d  
fro m  9 5 %  e t h a n o l - e t hy l  e t h e r  t o  g i v e  2 7 . 80g  ( 6 5 % )  o f  1 -b e n z y l - 2 -
( a cy l a m i n o ) py r i d i n i u m  b r o m i d e  1 7 , m p  1 94 - 1 9 5 °C .  I R  ( K B r ) :  3 4 3 8 ,  
2 8 8 2 , 1 7 1 3 , 1 6 3 9 , 7 7 9  c m · 1 . 1 H N M R  ( D M S O - d 6 ) :  o 1 1 . 3 7  ( b r o a d ,  1 H , 
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N - H ) ,  9 . 09 - 9 . 1 7  ( d ,  1 H ,  6 - H ) ,  8 . 5 0- 8 . 6 6  ( t ,  1 H , 3 - H ) ,  7 . 9 8 - 8 . 2 0  ( m ,  2 H ,  
5 - H ,  4 - H ) ,  7 . 3 7  ( S , 5 H ,  A r - H ) ,  6 . 0 9  ( S , 2 H ,  1 - C H z  p r o t o n s ) ,  2 . 1 7  ( S ,  
3 H ,  C - C H 3  p r o t o n s ) .  1 3C N M R  ( D M S O - d 6 ) :  ppm 1 6 9 . 1 ( C  = 0 ) ,  1 4 6 . 8  
( C - 2 ) ,  1 4 6 . 3  ( C - 6 ) ,  1 44 . 8  ( C - 4 ) ,  1 3 2 . 9  ( C - 3 ) ,  1 27 . 8 - 1 3 2 . 9  ( ar o m a t i c  
C ' s ) ,  1 24 . 4  ( C- 5 ) ,  1 23 . 2  ( C - 3 ) ,  5 9 . 0  ( C  o f  1 - C H z ) ,  2 3 . 5  ( C  o f  C H 3 ) .  
A n a l .  c a l c d .  fo r C 1 4H 1 sNzO B r :  C,  5 4 . 7 3 ;  H ,  4 . 9 3 ;  N ,  9 . 1 2 . Fou n d :  
C ,  5 4 . 6 2 ;  H ,  4 . 9 7 ;  N ,  9 . 1 1 . 
9 .  1-Benzyl-2-bromopyridinium bromide 18 
U s i n g  t h e  s a m e  a p p a r a t u s  a s  d e sc r i b e d  fo r t h e  p r e p a r a t i o n  o f  com­
p o u n d  1 7  a b ov e ,  1 8 . 9 6 g  ( 0 . 1 2  m o l e ) o f  2 - b r o m o p y r i d i n e  ( La n c a s t e r )  
d i ss o l v e d  i n  4 5 m L  o f  a n h y d r o u s  a c e t o n e  w a s  a d d e d  d r o p w i s e  to  s o l u ­
t i o n  o f  2 0 . 5 2 g  ( 0 . 1 2  m o l e )  o f  b e n zy l  b r o m i d e  d i s s o l v e d  i n  1 5 0  m L  o f  
a n h y d r o u s  a ce t o n e .  T h e  a d d i t i o n  took  1 5  m i n u t e s  a n d  h e a t e d  u n d e r  
r e fl u x  f o r  s e v e nty- two h o u r s .  A w h i t e s o l i d  p r e c i p i t a t e d  from t h e  
a c e t o n e  s o l u t i o n  a ft e r  fo r ty - e i g h t  h o u r s .  L i k e  above ,  t h e  fl a s k  w i t h  
c o n t e n t  w a s  c o o l e d ,  t h e  s o l u t i o n  w a s  f i l t e r e d  a n d  t h e  s o l i d  c o l l e ct e d  
w a s  w a s h e d  w i t h  a c e t o n e .  Re crys t a l l i z a t i o n  f r o m  9 5 %  e t h a n o l - e t h y l  
e t h e r  y i e l d e d  a p u r e  w h i t e  2 3 . 7 0 g  ( 6 0 % )  o f  1 - b e n z y l - 2 -
b r o m o py r i d i n i u m  b r o m i d e  1 8 ,  m p  1 5 5 - 1 5 6 °C ,  r e p o r t e d  1 5 6 - 1 5 7 °C 
[ 9 7 ] . I R  ( K B r ) :  3 1 00 ,  3 000 ,  1 63 0 ,  7 6 0  cm- 1 . 1 H N M R  ( D M S O-d 6 ) :  
c:l 9 . 5 - 9 . 6  ( d ,  1 H , 6 - H ) , 8 . 7 - 8 . 8  ( d ,  1 H , 3 - H ) ,  8 . 2 - 8 . 5  ( m ,  2 H ,  5 - H ,  4 - H ) ,  
7 . 4  ( S ,  S H ,  A r - H ) ,  6 . 1  ( S , 2 H ,  1 - C H z  p r o t o n s . )  
1 0 . 1-Benzyl-2-cyanopyridinium bromide 1 9  
To 3 5 . 9 5 g  ( 0 . 2 1 m o l e )  o f  b e nzy l  b r o m i d e  d i s s o l v e d  i n  7 0  m L  o f  
a n h y d r o u s a c e t o n e  w a s  a d d e d  d r o pw i s e  1 0 . 9 3 g  ( 0 . 1 0  m o l e )  o f  2 -
c y a n o py r i d i n e  d i s s o l v e d  i n  1 0 0 m L  o f  a n h y d r o u s  a c e t o n e .  T h e  l ig h t  
y e l l ow a c e t o n e  s o l u t i o n  t u r n e d  c l o u d y  a s  t h e  2 -c y a n o py r i d i n e  s o l u ­
t i o n  was  a d d e d .  T h e  a d d i t i o n  t o o k  a p p r ox i m a t e l y  t h i r ty - f ive  m i n u t e s  
w h i l e  r e fl u x i ng .  S i x  h o u r s  from t h e  s t a r t  o f  r e fl u x i ng ,  a v e r y  l ig h t  
y e l l ow s o l i d  a p p e a r e d  f r o m  t h e  s o l u t i o n .  T h e  r e a c t i o n  m i x t u r e  was  
a l l ow e d  to  r e fl u x  for  a tota l  o f  s e v e n t y- e i g h t  h o u r s .  F i l t e r a t i o n  o f  t h e  
s o l u t i o n  a n d  r e c ry s t a l l i z a t i o n  o f  t h e  l i g h t  y e l l ow s o l i d  c o l l e c t e d  from 
9 5 % e t h a n o l - e t h y l  e t h e r  y i e l d e d  1 4 . 4 5 g  ( 5 0 % )  o f  1 - b e n z y l - 2 -
1 08 
c y a n o p y r i d i n i u m  b r o m i d e  1 9 . mp 1 85 - 1 8 6°C .  I R  ( KB r ) :  3 0 4 0 ,  2 9 6 0 ,  
1 62 0 ,  7 3 0  cm- 1 . 1 H N M R  ( 0 2 0 ) :  c5 9 . 2 0 - 9 . 2 8  ( d ,  1 H , 6 - H ) ,  8 . 74 - 8 . 7 7  
( m ,  2 H ,  4 - H ,  3 - H ) ,  8 . 4 0 - 8 . 5 0  ( m ,  1 H ,  5 - H ) ,  7 . 5 5  ( S , 5 H ,  A r - H ) ,  6 . 1 5  ( S , 
2 H ,  1 -C H 2  p r o t o n s ) .  1 3 C N M R  ( 0 20 ) :  p p m  1 5 0 . 9  ( C - 6 ) ,  1 4 9 . 8  ( C - 4 ) ,  
1 3 7 . 7  ( C - 2 ) ,  1 3 4 . 9  ( C- 3 ) ,  1 3 1 . 9 - 1 3 3 . 3  ( C- 5 ,  a r o m a t i c  C ' s ) ,  1 1 3 . 1 ( C N ) ,  
6 7 . 5  ( C- 1 - C H 2 ) .  
A n a l .  c a l d  f o r  C 1 3 H 1 1 N 2 B r :  C,  5 6 . 74 ;  H ,  4 . 0 4 ;  N ,  1 0 . 1 8 .  Fo u n d :  C ,  
5 6 . 7 5 ;  H ,  4 . 07 ;  N ,  1 0 . 1 7 . 
1 1 . 1-Benzyl-3-cyanopyridinium bromide 20 
A s o l u t i o n  o f  3 -c y a n o py r i d i n e  ( 1 4 . 5 9g ,  0 . 1 4  m o l e )  i n  4 0  mL o f  d ry 
a c e t o n e  w a s  a d d e d  d ro p w i s e  for  twe n ty m i n u t e s  t o  a 2 3 . 9 7g ( 0 . 1 4  
m o l e )  o f  b e nzy l  b r o m i d e  i n  1 4 5 m L  o f  d ry a c e t o n e .  The  m i x t u r e  was  
h e a t e d  u n d e r  r e fl u x  ove r f ive  h o u rs .  A s o l i d  f i r s t  form e d  in  t h i r ty 
m i n u t e s  f rom t h e  s t a r t  o f  r e f l u x i n g  p e r i o d .  The  f l a s k  w i t h  c o n t e n t  was  
c o o l e d  a s  u su a l ,  and the  s o l u t i o n  was  f i l t e re d  and the  s o l i d  c o l l e c t e d  
a n d  r e crys t a l l i z e d  f rom 9 5 %  e t h a n o l - e t h y l  e t h e r  t o  g i v e  3 0 . 82g  ( 8 0 % )  
o f  1 - b e n zy l - 3 - cy a n o p y r i d i n i u m  b r o m i d e  a s  a n  o f f-w h i t e  s o l i d ,  m p  
1 5 0°C, r e p o r t e d  1 4 9 °C [ 9 4 ] .  I R  ( K B r ) :  3 0 6 9 ,  3 0 3 4 ,  2 9 8 3 ,  2 2 3 4 ,  1 62 2 ,  
8 1 3 cm- 1 . 1 H N M R  ( O M S O - d 6 ) :  c5 1 0 . 5  ( S ,  1 H ,  2 - H )  9 . 8 - 9 . 7  ( d ,  1 H , 
6 - H ) ,  9 . 2 - 9 . 3  ( d ,  1 H , 4 - H )  8 . 3 - 8 . 6  ( m ,  1 H ,  5 - H ) , 7 . 3 - 7 . 9  ( m ,  5 H ,  A r - H ) ,  
6 . 1 ( S ,  2 H ,  1 - C H 2  p r o t o n s ) .  1 3C N M R  ( O M S O - d 6 ) :  p p m  1 4 8 . 9 ( C- 2 ) ;  
1 4 7 . 9  ( C - 6 ) ;  1 3 3 . 3 ( C-4 ) ;  1 2 8 . 7 - 1 2 9 . 2  ( a r o m a t i c  C ' s )  1 1 3 . 7  ( C N ) ;  1 1 2 . 9  
( C-3 ) ;  6 3 . 5  ( C  o f  1 - C H 2 ) .  
1 2 .  1-Benzyl-4-cyanopyridinium bromide 2 1  
A s o l u t i o n  o f  4 - cya n o p yr i d i n e  ( 1 5 . 00g ,  0 . 1 4  m o l e )  i n  9 0  m L  o f  
a n h y d r o u s  a c e t o n e  w a s  a d d e d  d r o p w i s e  o v e r f i ft e e n  m i n u t e s  t o  a 
r e fl u x i ng s o l u t i o n  o f  b e nzy l  b r o m i d e  ( 2 4 . 00g ,  0 . 1 4  m o l e ) ,  d i ss o l ve d  i n  
5 0  m L  o f  a n h y d r o u s  a c e t o n e .  A b r i g h t  y e l l ow s o l i d  fo r m e d  a l m o s t  
i ns t a n t l y  o n  a d d i t i o n  o f  t h e  4 - cy a n o py r i d i n e  s o l u t i o n  t o  t h e  r e fl u x i n g  
b e n zy l  b r o m i d e  s o l u t i o n .  T h e  r e a c t i o n  m i x t u r e  w a s  h e a t e d  u n d e r  
r e f l u x  f o r  o n e  h o u r .  T h e  f l a s k  w i t h  c o n t e n t  was  c o o l e d  i n  a n  i c e  b a t h ,  
t h e  s o l u t i o n  was  fi l t e r e d  a n d  t h e  s o l i d  was  c o l l e c t e d  a n d  w a s h e d  w i t h  
a c e t o n e .  I t  w a s  r e crys t a l l i z e d  fro m  9 5 %  e t h a n o l - e t h y l  e t h e r  t o  g ive  a 
1 09 
b r i g h t  y e l l ow 1 -b e n z y l - 4 - c y a n o py r i d i n i u m  b r o m i d e  2 1 ( 3 7 . 6 0g ,  9 5 % ) ,  
mp  2 0 7 - 2 0 8 °C .  I R  ( K B r ) :  3 02 0 ,  2 9 8 0 ,  2 2 4 0 ,  1 65 0 ,  7 2 0  cm- 1 . 1 H N M R  
( D M S O - d 6 ) :  o 9 . 7 - 9 . 8  ( d ,  2 H ,  6 - H ,  2 - H ) ,  8 . 7 - 8 . 8  ( d ,  2 H ,  5 - H ,  3 - H ) ,  
7 . 1 - 7 . 7  ( m , 5 H ,  A r - H ) ,  6 . 1 5  ( S ,  2 H ,  1 - C H z  p r o t o n s ) .  1 3c N M R  
( D M S O - d 6 ) :  p p m  1 4 6 . 0  ( C - 6 ,  C - 2 )  1 3 3 . 5  ( C - 5 ,  C-3 ) ,  1 2 7 . 2- 1 3 1 . 2 ( C-4  
and a r o m a t i c  C ' s ) ,  1 1 4 . 6  ( CN ) ,  6 3 . 6  ( C  o f  1 -C H z ) .  
1 3 .  1-Benzyl-2-ethylpyridinium bromide 22 
To 3 0 . 00g ( 0 . 2 8  m o l e )  o f  2 - e t hy l pyr i d i n e ,  d i s s o l v e d  i n  7 0  m L  o f  
a n h y d r o u s  a c e t o n e ,  was  a d d e d  d ropwi se  4 7 . 8 8 g  ( 0 . 2 8  m ol e )  o f  b e n zy l  
b r o m i d e  d i s s o l v e d  i n  2 5 0  m L  o f  a n h y d r o u s  a c e t o n e  a t  r e fl u x  u s i n g  t h e  
a p p a r a t u s  d e sc r i b e d  fo r t h e  p r e p a r a t i o n  o f  1 7 . I n  a p p r ox i m a t e ly o n e  
h o u r , a n  o i l  b e g a n  t o  c o l l e ct a t  t h e  b o t t o m  o f  t h e  f l a s k .  W h e n  t h e  
fo r m a t i o n  o f  t h e  o i l  s t o p p e d ,  t h e  r e a c t i o n  was  t e r m i n a t e d  b y  c o o l i ng 
t h e  r e a c t i o n  m i x t u r e  i n  a n  i c e  b a t h .  T h e  c o l o r l e s s  o i l y  l i q u i d  s o l i d i f i e d  
t o  a w h i t e  s o l i d  o n  c o o l i ng .  T h e  s o l u t i o n  was  f i l t e r e d ,  a n d  t h e  s o l i d  
w a s h e d  w i t h  a n h y d r o u s  a c e t o n e ,  a n d  r e c rys t a l l i ze d  f r o m  a c e t o n i t r i l e  
t o  y i e l d  5 8 . 3 0 g  ( 7 5 % )  o f  1 - b e n z y l - 2 - e t h y l p yr i d i n i u m  b r o m i d e  2 2 ,  mp 
1 08 - 1 0 9°C .  IR  ( K B r ) :  3 0 3 4 ,  2 9 6 5 ,  2 8 7 9 ,  1 6 2 2 ,  727  c m - 1 . 1 H N M R  
( D M S O - d 6 ) :  o 9 . 5 0- 9 . 6  ( d ,  1 H ,  6 - H ) ,  8 . 4 - 8 . 5  ( t ,  1 H , 3 - H ) ,  8 . 3 - 8 . 2  ( m ,  
2 H ,  5 - H ,  4 - H ) ,  7 . 3 8  ( S , 5 H ,  A r - H ) ,  6 . 1 ( S ,  2 H ,  1 - C H z  p r o t o n s ) ,  3 . 1 1 -
3 . 25 ( q ,  2 H ,  C H 2  o f  e t h y l ) ,  1 . 1 2 - 1 . 2 6  ( t ,  3 H ,  C H 3  o f  e t hy l ) .  1 3C N M R  
( D M S O - d 6 ) :  p p m  1 5 9 . 6  ( C - 2 ) ,  1 4 6 . 2  ( C- 6 ) ,  1 4 5 . 9  ( C-4 ) ,  1 2 5 . 7  ( C - 5 ,  
C - 3 ,  a r o m a t i c  C ' s ) ,  5 . 97 ( C  o f  1 - C H z )  2 5 . 4  ( C  o f  C H 2 C H 3 ) ,  1 1 . 9  ( C  o f  
C H 2 CH 3 ) .  
1 4 .  1-Benzyl-2-(2-hydroxyetbyl)pyridinium bromide 23 
A s o l u t i o n  1 6 . 6 7 g  ( 0 . 1 3  m o l e )  o f  2 - ( 2 - hyd roxy e t h y l ) py r i d i n e  i n  4 0  
m L  o f  d ry a c e t o n e  w a s  a d d e d  d r o p w i s e  o v e r  f i ft e e n  m i n u t e s  t o  a 
r e f l u x i n g  s o l u t i o n  o f  2 3 . 1 4 g ( 0 . 1 3  m o l e )  o f  b e n z y l  b r o m i d e  i n  1 3 0  m L  
o f  d ry a c e t o n e .  U p o n  com p l e t i o n  o f  t h e  a d d i t i o n  o f  t h e  p y r i d i n e  s o l u ­
t i o n ,  t h e  r e a c t i o n  m i x t u r e  was  r e fl ux e d  f o r  a n  a d d i t i o na l  t w e l v e  h o u r s .  
T h e  s o l u t i o n  b e c a m e  c l o u d y  a s  t h e  2 - ( 2 - hy d r o xy e t hy l ) py r i d i n e  was  
b e i n g  a d d e d .  A ft e r  a p p r o x i m a t e l y  twe n ty m i n u t e s ,  the  c l o u d i n e s s  d i s -
1 1 0 
a p p e a r e d ,  a n d  a s e c o n d  l aye r form e d .  T h e  f l a s k  w i t h  i t s  c o n t e n t  was  
c o o l e d  in  a n  i c e  b a t h  a n d  the  ace tone  s o l u t i o n  was  d e c a n t e d .  
T h e  g u m m y  o i l  s t i l l  i n  t h e  f l a s k  w a s  a l l o w e d  t o  s t a y i n  t h e  
r e fr i g e r a t o r  fo r two w e e k s  b u t  i t  d i d  n o t  c rys ta l l i z e .  T h e  v i s c o u s  o i l  
w a s  p o u r e d  i n  a b e a k e r  a n d  w a s  s t i r r e d  c o n t i n u ou s ly .  Aft e r  o n e  h o u r  
o f  c o n s t a n t  s t i r r i n g ,  t h e  ye l l ow o i l  t u r n e d  w h i t e  a n d  a p p e a r e d  crys t a l ­
l i n e .  T h i s  s o l i d  w a s  w a s h e d  t h r e e  t i m e s  w i t h  a c e t o n e ,  a n d  was  d i s ­
s o l v e d  i n  h o t  9 5 %  e t h a n o l .  E t h y l  e t h e r  w a s  a d d e d  to  t h e  9 5 %  e t h a n o l  
s o l u t i o n .  T h e  fl a s k  w i t h  c o n t e n t  w a s  c o o l e d  i n  t h e  r e fr i g e r a t o r  for 
t h r e e  days a ft e r  w h i ch a p u r e  w h i t e  c rys ta l l i n e  s o l i d  a p p e a r e d .  T h e  
s o l u t i o n  was  fi l t e r e d  a n d  t h e  s o l i d  w a s  d r i e d  t o  g i v e  3 1 . 8 0g ( 8 0 % )  o f  
1 -b e n zy l - 2 ( 2 - hyd roxy e t hy l )pyr i d i n i u m  b r o m i d e  2 3 ,  mp 1 1 6 - 1 1 7°C.  I R  
( K B r ) :  3 2 60 , 3 0 0 0 , 2 8 8 0 ,  1 63 0 , 7 3 0  cm- 1 . 1 H N MR ( D M S O - d 6 ) :  <:5 9 . 1 7 -
9 . 2 3  ( d ,  1 H , 6 - H ) ,  8 . 5 6 - 8 . 7 0  ( t ,  1 H , 3 - H ) ,  8 . 0 3 - 8 . 2 1 ( m , 2 H ,  5 - H ,  3 - H ) ,  
7 . 2 3 - 7 . 4 7  ( m ,  5 H ,  A r - H ) ,  6 . 0 7  ( S ,  2 H ,  1 - C H 2  p r o t o n s ) ,  5 . 6 1 - 4 . 8 0  
( b r o a d ,  1 H , O H ) ,  3 . 7 2 - 3 . 85 ( t ,  2 H ,  C H 2 C H 20 H ) ,  3 . 1 8 - 3 . 3 1 ( t ,  2 H ,  
C H 2 C H 20 H )  1 3C N M R  ( D M S O - d 6 ) :  p p m  1 5 7 . 1  ( C- 2 ) ,  1 4 6 . 2  ( C - 6 ) ,  
1 4 5 . 5  ( C-4 ) ,  1 3 3 . 7  ( C- 3 ) ,  1 2 6 . 0- 1 2 9 . 2  ( C- 5 ,  a r o m a t i c  C ' s ) ,  6 0 - 0  ( C  o f  
1 - C H 2 ) ,  5 8 . 9  ( C  o f  C H 2 C H 20 H ) ,  3 5 . 1  ( C  o f  C H 2 C H 2 0 H ) .  
A n a l .  c a l c d .  fo r C 1 4 H 1 6 N O B r ,  C ,  5 7 . 1 5 ;  H ,  5 . 4 9 ;  N ,  4 . 7 6 .  Fou n d :  C ,  
5 7 . 1 2 ; H ,  5 . 4 9 ;  N ,  4 . 7 2 .  
1 5 .  1-Benzyl-2-(hydroxymethyl)pyrjdjnjum bromide 24 
In a 5 0 0  mL r o u n d  b o t t o m  flask was  p l a c e d  1 6 . 9 7 g  ( 0 . 1 5  m o l e )  of  
2 - ( h y d roxy m e t h y l )pyr i d i n e .  2 6 . 1 5 g ( 0 . 1 5  m o l e )  o f  b e nzy l  b r o m i d e  d i s ­
s o l v e d  i n  2 0 0  m L  of  d ry a c e t o n e  w a s  a d d e d .  T h e  f l a s k  w a s  e q u i p p e d  
w i t h  a c a l c i u m  c h l o r i d e  d r y i n g  t u b e  a n d  t h e  r e a c t i o n  m i x t u r e  was  
h e a t e d  u n d e r  r e fl u x .  
F i ft e e n  m i n u t e s  f r o m  t h e  s t a r t  o f  r e f l u x i n g ,  a w h i t e  s o l i d  
p r e c i p i t a t e d  from t h e  r e fl u x i n g  a c e t o n e  s o l u t i o n .  Aft e r  o n e  h o u r ,  t h e  
r e a c t i o n  w a s  c o mp l e t e d ,  t h e  s o l u t i o n  w a s  co o l e d ,  fi l t e r e d  a n d  t h e  
s o l i d  w a s  w a s h e d  w i t h  d ry a c e t o n e .  I t  w a s  r e c rys t a l l i z e d  t w i c e  fro m  
9 5 %  e t h a n o l  e t h y l  e t h e r  t o  g i v e  3 5 . 0 0 g ( 8 0 % )  o f  1 - b e n z y l - 2 -
( h y d roxym e t h y l ) py r i d i n i u m  b r o m i d e  2 4 ,  m p  1 5 9 - 1 6 0°C .  I R  ( KB r ) :  
3 2 6 0 , 3 080 ,  1 64 0 , 7 6 0  cm· 1 . 1 H N M R  ( D M S O - d6 ) :  o 9 . 1 1 - 9 . 1 8  ( d ,  1 H , 
I l l  
6 - H ) ,  8 . 6 1 - 8 . 7 8  ( t ,  I H , 3 - H ) ,  8 . 0 4 - 8 . 2 9  ( m, 2 H ,  5 - H ,  4 - H ) ,  7 . 2 3 - 7 . 4 5  
( m , 5 H ,  A r - H ) ,  6 . 3 5 - 6 . 8 1  ( b r o a d ,  I H , O H ) ,  5 . 9 2  ( S ,  2 H ,  l - C H 2  
p r o t o n s ) ,  4 . 8 7  ( S ,  2 H ,  C H 20 H ) .  1 3 C N M R  ( D M S O - d 6 ) :  p p m  1 5 8 . 1 
( C - 2 ) ,  1 4 6 . 1 ( C- 6 ) ,  1 3 2 . 9 ( C - 4 ) ,  1 2 6 . 3 - 1 2 9 . 2  ( C- 3 ,  C - 5 ,  a r o m a t i c  C ' s ) ,  
5 9 . 2  ( C  o f  l - C H 2 ) ,  5 8 . 8  ( C  of  C H 20 H ) .  
A n a l .  c a l c d .  for  C 1 3H 1 4 N O B r ;  C ,  5 5 . 7 2 ;  H ,  5 . 0 5 ;  N ,  5 . 0 0 .  Fou n d :  C,  
5 5 . 8 3 ;  H,  5 . 0 5 ;  N ,  4 . 9 8 .  
1 6 .  1-Benzyl-2-methylpyridinium bromide 25 
U s i n g  t h e  s a m e  a p p a r a t u s  d e s c r i b e d  for  t h e  p r e p a r a t i o n  o f  1 7 , 
1 6 . 3 3 g  ( 0 . 1 7  m o l e )  o f  2 - m e thy lpyr i d i n e  d i s s o l v e d  i n  5 0  m L  o f  a n ­
h y d r o u s  a c e t o n e  w a s  a d d e d  d r o p w i s e  o v e r fo r t y - f i v e  m i n u t e s  t o  a 
r e fl u x i n g  s o l u t i o n  of 3 0 . 00g ( 0 . 1 7  m o l e )  o f  b e nzy l  b r o m i d e  i n  1 3 0  m L  
o f  a n h y d r o u s  a ce t o n e .  T h e  r e a c t i o n  m i x t u r e  w a s  r e fl u x e d  fo r a t o t a l  
o f  e i g h t  h o u r s .  
T h e  s o l u t i o n  b e ca m e  c l o u dy a s  2 - m e t h y l py r i d i n e  s o l u t i o n  was  
added  a n d  a ft e r  a p p r ox i m a t e l y  fo r ty-f ive  m i n u t e s ,  t he  c l ou d i n e s s  d i s ­
a p p e a r e d  a n d  a n  o i l  l a y e r  fo r m e d .  T h e  a c e t o n e  s o l u t i o n  w a s  p l a c e d  
i n  t h e  i ce b a t h .  On  c o o l i n g ,  t h e  o i l  c rys t a l l i z e d  t o  a w h i t e  s o l i d .  T h e  
a c e t o n e  was  d e ca n t e d  a n d  e n o u g h  a ce t o n i t r i l e  t o  d i ss o l v e  t h e  s o l i d  
w a s  a d d e d  to  t h e  fl a s k .  T h e  m i x t u re was h e a t e d  u n t i l  a l l  t h e  s o l i d  
d i s s o l v e d .  T h e  r e a c t i o n  m i x t u r e  w a s  p u t  i n  t h e  r e fr i g e r a t o r  ove r n i g h t .  
T h e  w h i t e  s o l i d  t h a t  fo r m e d  w a s  co l l e c t e d ,  w a s h e d  w i t h  a c e t o n e ,  a n d  
i m m e d i a t e l y  d r i e d  i n  t h e  ove n a t  5 0°C .  S p e c t r o s c o p i c  a n a l y s i s  o f  t h e  
c o m p o u n d  s h ow e d  i t  w a s  1 - b e n z y l - 2 - m e t hy l p y r i d i n i u m  b r o m i d e  25  
( 3 2 . 3 6g,  7 0 % ) .  1 H NMR ( C D C l 3 ) :  cl 9 . 5 7 - 9 . 64 (d ,  1 H , 6 - H ) ,  8 . 4 0 - 8 . 5 7  
( d ,  l H , 3 - H ) ,  7 . 9 0 - 8 . 0 9  ( m, 2 H ,  5 - H ,  4 - H ) ,  7 . 3 2  ( S ,  5 H ,  A r - H ) ,  6 . 23 ( S , 
2 H ,  l - C H 2  p r o t o n s ) ,  2 . 93  ( S , 3 H ,  C H 3  p r o t o n s ) .  
1 7 .  1-Benzyl-3-methylpyridinium bromide 26 
U s i n g  t h e  s a m e  a p p a r a t u s  as d e s c r i b e d  for  t h e  p r e p a r a t i o n  o f  1 7 , 
2 0 . 0 0 g  ( 0 . 2 1 m o l e )  o f  3 - m e t h y l py r i d i n e ,  d i s s o l v e d  i n  5 0  m L  o f  d ry 
a c e t o n e ,  was  a d d e d  d ro p w i s e  t o  a s o l u t i o n  o f  3 6 . 8 0 g  ( 0 . 2 1 m o l e )  o f  
b e n z y l  b r o m i d e  i n  1 5 0  m L  d ry a c e t o n e  . .  D u r i n g  a d d i t i o n  o f  3 - m e t h y l ­
p y r i d i n e  s o l u t i o n ,  a n  o i l  form e d .  T h e  s o l u t i o n  was  c o o l e d  fo r twen ty -
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fou r h o u r s .  A w h i t e  s o l i d  crys t a l l i ze d  o u t  o f  t h e  s o l u t i o n .  F i l t e r a t i o n  
o f  t h e  s o l u t i o n  a n d  r e c ry s t a l l i z a t i o n  o f  t h e  w h i t e  s o l i d  f r o m  
a c e t o n i t r i l e - e t h y l  e t h e r  g a v e  4 5 . 4 0g ( 8 0 % )  o f  1 - b e n zy l - 3 - m e t h y l ­
pyr i d i n i u m  b r o m i d e  2 6 ,  mp 1 2 2 - 1 23°C .  I R  ( K B r ) :  3 1 00 ,  1 63 5 ,  7 2 0  
c m - 1 . 1 H N M R  ( D M S O - d6 ) :  d 9 . 5  ( S ,  1 H ,  2 - H ) ,  9 . 3 - 9 .4 ( d ,  1 H , 6 - H ) ,  
8 . 5 - 8 . 6  ( d ,  1 H ,  4 - H ) ,  8 . 3 0- 8 . 00 ( m ,  1 H , 5 - H ) ,  7 . 3 - 7 . 9  ( S , 5 H ,  A r- H ) ,  
6 . 0 0  ( S ,  2 H ,  1 - C H 2  p r o t o n s ,  2 . 5  ( S ,  3 H ,  C H 3  p r o t o n s ) .  
1 8 .  1-Benzyl-4-methylpyridinium bromide 2 7  
A s o l u t i o n  o f  1 5 . 00g ( 0 . 1 6  m o l e )  o f  4 - m e t h y l py r i d i n e ,  i n  5 0  m L  o f  
a n h y d r o u s  a c e t o n e ,  w a s  a d d e d  d ropwi se  t o  a s o l u t i o n  o f  2 7 . 5 0g ( 0 . 1 6  
m o l e )  o f  b e nzy l  b r o m i d e  i n  1 00 m L  o f  a n h y d r o u s  a c e t o n e  w h i c h  was  
h e a t i n g  u n d e r  r e fl ux as  d e s c r i b e d  in  t h e  p r e p a r a t i o n  o f  1 7 . A whi te  
so l id  fo r m e d  i n s t a n t l y  o n  a d d i t i o n  o f  t h e  a c e t o n e  s o l u t i o n .  Aft e r  the  
r e a c t i o n  mix ture  was  a l l o w e d  t o  r e fl u x  for  a n  a d d i t i o n a l  hour ,  the  
f l a s k  w i t h  c o n t e n t  was  c o o l e d  and  t h e  s o l u t i o n  was  fi l t e r e d ,  t h e  s o l i d  
was  w a s h e d  w i t h  a c e t o n e ,  a n d  re crys t a l l i ze d  f r o m  9 5 %  e t h a n o l - e t h y l  
e t h e r  to  g i v e  3 8 . 3 0g ( 9 0 % )  o f  1 - b e n zyl - 4 - m e t hy l pyr i d i n i u m  b r o m i d e ,  
m p  1 6 1 - 1 6 2 °C ,  r e p o r te d :  1 5 9 - 1 6 1 °C [ 9 6 ] .  1 H N M R  ( D M S O - d 6 ) : d 
9 . 2 5 - 9 . 3 3  ( d ,  2 H ,  6 - H ,  2 - H ) ,  8 . 04 - 8 . 1 1  ( d ,  2 H ,  5 - H ,  3 - H ) ,  7 . 4 0- 7 . 6 6  ( m ,  
5 H ,  Ar - H ) ,  5 . 9 9  ( S ,  2 H ,  1 - C H z  p r o t o n s ) ,  2 . 63  ( S , 3 H ,  C H 3  p r o t o n s ) .  
1 9 .  1-Benzyl-2 4-dimethylpyridinium bromide 28 
To 1 5 . 9 1 g  ( 0 . 09 m o l e )  o f  a r e f l u x i n g  b e nzy l  b r o m i d e  i n  3 5  m L  o f  d ry 
a c e t o n e  w a s  a d d e d  d r o p w i s e  l O . O O g  ( 0 . 0 9 m o l e )  o f  2 , 4 - d i m e t h y l ­
pyr i d i n e .  Te n m i n u t e s  a ft e r  t h e  c o m p l e t e  a d d i t i o n  o f  t h e  2 , 4 - d i m e t h y l ­
pyr i d i n e ,  a w h i t e  s o l i d  p r e c i p i t a t e d  f r o m  t h e  a c e t o n e  s o l u t i o n .  The  
r e a c t i o n  m i x t u r e  was  a l l o w e d  t o  r e fl u x  for  ten  h o u r s .  At  the  end  of  
the  r e a c t i o n ,  the  fl a s k  w i t h  c o n t e n t  was  c o o l e d  in  the  r e fr i g e r a t o r .  The  
w h i t e  s o l i d  was  c o l l e c t e d  and  re crys t a l l i z e d  f rom 95% e t h a n o l - e t h y l  
e t h e r  t o  y i e l d  1 9 . 4 0 g ( 7 5 % )  o f  1 - b e n z y l - 2 , 4 - d i m e t h y l p y r i d i n i u m  
b r o m i d e  2 8 ,  m p  1 6 8 - 1 7 0°C .  I R  ( KB r ) :  3 0 6 0 ,  1 6 00 ,  8 0 0  c m - 1 . 1 H N M R  
( D M S O - d 6 ) :  d 9 . 1 9 - 9 . 2 5  ( d ,  1 H , 6 - H ) ,  8 . 07 ( S ,  1 H , 3 - H ) ,  7 . 9 4 - 8 . 02 ( m ,  
l H ,  5 - H ) ,  7 . 3 1 - 7 . 4 5  ( m ,  5 H ,  A r - H ) ,  6 . 03 ( S ,  2 H ,  1 - C H z  p r o t o n s ) ,  2 . 76 
( S , 3 H ,  C H 3  p r o t o n s  at C - 2 ) ,  2 . 6 0  ( S ,  3 H ,  C H 3  p r o t o n s  a t  C-4  ) .  1 3C 
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N M R  ( D M S O - d6 ) :  ppm 1 5 8 . 8  ( C- 2 ) ,  1 54 . 0  ( C - 6 ) ,  1 44 . 9  ( C-4  ) ,  1 3 3 . 2  
( C- 3 ) ,  1 26 . 3 - 1 3 0 .4  ( C- 5  a n d  a r o m a t i c  C ' s ) ,  5 9 . 2  ( C  o f  1 - C H 2 ) ,  2 1 . 1  ( C  
o f  CH3  a t  C-2 ) ,  1 9 . 8  ( C  of  CH3  a t  C-4 ) .  
2 0 .  1-Benzyl-2 6-dimethylpyridinium bromide 29 
U s i ng t h e  a p p a r a t u s  for t h e  p r e pa r a t i o n  of 1 7 , 3 8 . 60g  ( 0 . 3 6  m o l e )  
o f  2 , 6 - d i m e t by l p y r i d i n e ,  d i s s o l v e d  i n  7 0  m L  o f  a n h y d r o u s  a c e t o n e ,  was  
a d d e d  d ro p w i s e  t o  6 1 . 1 0g ( 0 . 3 6  m ol e )  o f  b e nzy l  b r o m i d e  d i s s o l v e d  i n  
1 5 0  m L  o f  a n h y d rou s ace t o n e .  The  a d d i t i o n  t o o k  app rox i m a t e l y  fi fty 
m i n u t e s .  T h e  r e a c t i o n  m i x t u r e  was r e f l u x e d  for o n e  w e e k .  W h i t e  s o l i d  
b e g a n  t o  p r e c i p i t a t e  a ft e r  t w e n ty - fo u r  h o u r s  o f  r e fl u x i n g ,  a n d  c o n ­
t i nu e d  d u r i ng t h e  r e a c t i o n  p e r i o d .  C o l l e c t i on a n d  r e crys t a l l i z a t i o n  of  
the  w h i t e  s o l i d  fr o m  a c e t o n i t r i l e  affo r d e d  45 . 00g  ( 4 5 % )  o f  1 -b e nzy l -
2 , 6 - d i m e t hy l p y r i d i n i u m  bromide  as  a hygros c op i c  s a l t .  T h i s  c o m p ou nd  
was  s tored  i n  a d e s i ca t o r .  mp  1 8 6- 1 8 7°C, r e p o r t e d  1 8 5 - 1 8 7°C [ 9 5 ] ,  1 H 
N M R  ( D M S O-d 6 ) :  b 8 . 4 6 - 8 . 64 ( m ,  1 H ,  4 - H ) ,  8 . 0 5 - 8 . 1 4  ( d ,  2 H ,  5 - H ,  
3 - H ) , 7 . 3 8 - 7 . 4 6  ( m ,  5 H ,  A r - H ) ,  6 . 0 1  ( S ,  2 H ,  1 -C H 2  p r o t o n s ) ,  2 . 82 ( S , 
6 H ,  CH3 p r o t o n s  a t  C-6 ,  C-2 ) .  1 3C N M R  ( D M S O - d 6 ) :  ppm 1 5 6 . 1 ( C - 6 ,  
C-2 ) ,  1 4 5 . 1  ( C-4  ) ,  1 3 2 . 3  ( C -3  ) ,  1 2 5 . 5  ( C- 5 ,  a r o m a t i cs C ' s ) ,  5 5 . 5 ( C  o f  
1 - C H 2 ) ,  2 1  ( C  of  C H 3  at  C-6  and  C-2 ) .  
C.  Preparation of 2-(acylamino)pyridine 1 7a 
To 2 - A m i n o p yr i d i n e ( 4 . 00g,  0 . 0 4  m o l e ) i n  a 1 00 m L  E r l e n m e y e r  
f l a sk  was  a d d e d  4 . 3 9 g  ( 0 . 04 m o l e )  of  a c e t i c  anhyd r i d e  w i t h  s t i r r i ng .  
T h e  r e s u l t i ng l i g h t  ye l l ow s o l u t i o n  was  w a r m e d  g e n t l y  o n  a h o t  p l a t e .  
On  c o o l i n g  i n  an i c e  b a t h ,  a w h i t e  s o l i d  fo r m e d . T h e  s o l i d  w a s  c o l ­
l e c t e d  a n d  r e c r y s t a l l i z e d  f r o m  a m i n i m u m  a m o u n t  o f  b e n z e n e ­
p e t r o l e u m  e t h e r ,  t o  g ive  5 . 00g  ( 8 5 % )  o f  2 - ( a cy l a m i n o ) p y r i d i n e  1 7 a ,  
m p  7 1 - 7 2 °C r e p o r t e d  7 1 ° C [ 98 ] .  I R  ( K B r ) :  3 2 8 4 , 2 9 7 4 ,  1 6 8 2 , 76 1 c m · 1 . 
1 H N M R  ( C D CI 3 ) :  b 9 . 6 5  ( s ,  1 H ,  N - H ) ,  8 . 2 1 - 8 . 2 4  ( m ,  2 H ,  6 - H ,  3 - H ) ,  
7 . 62 - 7 . 8 1  ( m ,  1 H ,  4 - H ) ,  7 . 04 - 7 . 1 1  ( m ,  1 H ,  5 - H ) ,  2 . 2 1  ( S , 3 H ,  CH3  
p r o t o n s ) .  13c NMR ( CDCI 3 ) :  ppm 1 69 . 1 ( C = O ) ,  1 5 2  (C-2 ) ,  1 4 7 . 8  (C-
6 ) ,  1 3 7 . 8  ( C-4 ) ,  1 1 9 . 1  ( C-5 ) ,  1 1 3 . 5 ( C-3 ) ,  23 .8  ( C  o f C H 3 ) .  
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D .  Reactions of cyanide ion with substituted pyrjdjnjum salts 
1. Reaction of cyanide ion with 1-metbyl-2-cyanopyridinium jodjde 12 
1 - M e t h y l - 2 - cy a n o py r i d i n i u m  i o d i d e  ( 4 . 00 g ,  0 . 0 1 m o l e )  p r e p a r e d  
above  w a s  d i s s o lv e d  i n  3 0  m L  o f  w a t e r .  W h i l e  fl u s h i n g  t h e  w a t e r  
s o l u t i o n  w i t h  oxyg e n  f r e e  n i t roge n ,  2 . 00g  ( 0 . 0 4  m ol e )  o f  p o t a s s i u m  
cya n i d e  d i s s o l v e d  i n  1 0  m L  o f  w a t e r  w a s  a d d e d .  T h e  r e a c t i o n  m i x t u re 
s t i l l  b e i n g  fl u s h e d  w i t h  n i t roge n i m m e d i a t e l y  t u r n e d  d a r k  b rown a n d  
a d a r k  s o l i d  p r e c i p i t a t e d .  T h e  fl a s k  w i t h  c o n t e n t  was  a l l ow e d  t o  s t a n d  
a t  r o o m  t e mp e ra t u re f o r  t h r e e  m o r e  h o u r s .  A t  t h e  e n d  of  t h e  r e a c t i o n ,  
t h e  d a r k  s o l u t i o n  was  fi l te r e d  a n d  t h e  s o l i d  w e i g h e d  ( 3 . 0 0 g ) .  I t  w a s  
d i s s o l v e d  i n  3 0  m L  o f  e t h a n o l i c  i o d i n e - a c e t o n e  s o l u t i o n .  2 . 0 0 g  o f  
i o d i n e  was  u s e d .  T h e  9 5 %  e t h a n o l - a c e t o n e  s o l u t i o n  was  a l l ow e d  t o  
s t a n d  a t  r o o m  t e m p e r a t u re f o r  24  h o u r s ,  aft e r  w h i c h  i t  was  p a s s e d  
t h r o u g h  a c o l u m n  of  i o n - e x c h a nge r e s i n .  Evap o r a t i o n  of  t h e  r e s u l t i ng 
s o l u t i o n  l e ft a d a r k  b rown s o l i d  ( 2 . 00 g )  w h i c h  p a r t i a l ly d i s s o l v e d  i n  
w a t e r .  T h e  w a t e r  s o l u t i o n  w a s  w a s h e d  fo u r  t i m e s  w i t h  m e t h y l e n e  
c h l o r i d e .  Evapo r a t i o n  o f  t h e  m e t h y l e n e  c h l o r i d e  gave 0 . 4 5 g  ( 2 0 % )  o f  
a y e l l ow s o l i d  o f  1 - m e t h y l - 2-oxo- 1 , 2 - d i h y d r o - 4 - p yr i d i n e  c a rb o n i t r i l e  
6 2 .  I t  w a s  r e c rys t a l l i z e d  fro m  a q u e o u s  9 5 %  e t h a n o l ,  m p  1 4 7- 1 4 9 °C .  I R  
( K B r ) : 3 0 6 0 ,  3 0 2 0 ,  2 2 4 0 ,  1 6 5 - 1 7 70 ,  7 8 0  c m · 1 . 1 H N M R  ( CD C I 3 ) : <5 
7 . 4 2 - 7 . 5 0  ( d ,  1 H ,  6 - H ) ,  6 . 9 0  ( S ,  1 H ,  3 - H ) ,  6 . 3 4  ( d ,  1 H , 5 - H ) ,  3 . 5 8  ( S ,  
3 H ,  1 - C H J  p r o t o n s ) .  1 3C N M R  ( CD CI 3 ) :  p p m  1 6 0 . 9  ( C  = 0 ) ,  1 4 0 . 3  ( C-
6 ) ,  1 2 6 . 2  ( C- 4 ) ,  1 23 . 8  ( C - 3 ) ,  1 1 5 ( CN ) ,  1 05 ( C - 5 ) ,  3 8 . 0  ( C  o f  1 - C H J ) .  
M a s s  S p e c t r a  ( M S ) ,  ( c a l cu l a t e d  v a l u e s  i n  p a r e n t h e s e s ) :  m / z  1 3 4 ,  
C7H6Nz0 ( 1 3 4 ) ;  1 06 ,  C 6 H 6 N 2  ( 1 06 ) ;  8 0 ,  CsH6N ( 8 0 ) ;  6 4 ,  C4H3N ( 6 5 ) ;  
5 2 ,  C3H2N ( 5 2 ) .  
A n a l .  c a l c d .  fo r C7H6 N z 0 :  C ,  6 2 . 7 1 ;  H ,  4 . 5 7 ;  N ,  2 . 8 2 ;  Fou n d : C ,  
6 2 . 6 7 ;  H ,  4 . 5 2 ;  N ,  2 . 8 9 .  
2 .  Reaction of cyanide jon with 1-methyl-3-cyanopyridinium iodide 13 
8 . 00g ( 0 . 03 m ol e )  o f  1 - m e t h y l -3 -cyanopyr i d i n i u m  i o d i d e  was  d i s ­
s o l v e d  i n  3 0  m L  o f  w a t e r  a n d  1 0  mL o f  ace t o n e .  To t h i s  w a s  a d d e d  
4 . 00g  ( 0 . 0 8  m o l e )  o f  s o d i u m  cya n i d e  d i s s o l v e d  i n  1 0  m L  o f  w a t e r .  T h e  
r e a c t i o n  m i x t u re t u r n e d  d a r k  y e l l ow t e n  m i n u t e s  aft e r  a d d i t i o n  o f  t h e  
s a l t  s o l u t i o n .  I n  a p p r ox i m a t e l y  twe n t y  m i n u t e s ,  a s o l i d  b e g a n  t o  ap-
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p e a r .  The  f l a sk  w i t h  c o n t e n t  was  a l l owed  t o  s t a n d  a t  r o o m  t e m p e r a t u re 
fo r twe n ty - fou r h o u r s .  Recrys t a l l i z e d  fro m  c h l o roform gave a p u r e  
y e l l ow s o l i d  4 . 3 1 g  ( 9 0 % )  of  1 - m e t h y l - 3 , 4 - d i cy a n o - 1 , 4 - d i hy d ropyr i d i n e  
6 3 .  I R  ( K B r ) :  2 9 6 0 ,  2 2 2 0 ,  2 1 8 0 ,  1 6 8 0 ,  1 6 0 0 ,  7 2 0  c m - 1 . 1 H N M R  
( C D C I 3 ) :  c5 6 . 7 0  ( S ,  1 H , 2 - H ) ,  5 . 89 - 6 . 0  ( d ,  1 H ,  6 - H ) ,  4 . 8 - 4 . 9  ( m ,  1 H , 
5 - H ) ,  4 . 4 - 4 . 5  ( d ,  1 H ,  4 - H ) ,  3 . 1  ( S , 3 H ,  1 - C H 3  p r o t o n s ) .  
A n a l .  c a c l d .  f o r  CsH7N 3 :  C ,  6 6 . 1 8 ;  H ,  4 . 8 7 ;  N ,  2 8 . 9 5 .  Fou n d :  C ,  
6 6 . 2 4 ;  H ,  4 . 8 9 ;  N ,  2 8 . 8 6 .  
3 .  Reaction of cyanide jon with 1-metbyl-4-cyanopyridjnjum iodide 14 
A s o l u t i o n  o f  1 0 . 00g  ( 0 . 04 m o l e )  o f  1 - m e t h y l -4 - c y a n o p y r i d i n i u m  
i o d i d e  i n  4 0  m L  o f  w a t e r  w a s  fl u s h e d  w i t h  oxyge n - f r e e  n i t r oge n .  4 . 5 0g 
( 0 . 0 9 m o l e )  o f  s o d i u m  cy a n i d e  d i s s o l v e d  i n  1 0  m L  o f  w a t e r  ( a l s o  
fl u s h e d  w i t h  n i t r oge n )  was  a d d e d .  T h e  r e a c t i o n  m i x t u r e  was  fl u s h e d  
w i t h  n i t r og e n  t h r o u g h o u t  t h e  a d d i t i o n .  As  t h e  cya n i d e  s o l u t i o n  was  
a d d e d ,  t h e  r e a c t i o n  m i x t u r e  t u r n e d  d a r k  b r o w n . A d a r k  s o l i d  
p r e c i p i t a t e d  from t h e  d a r k  brown s o l u t i o n  a p p r ox i m a t e l y  t e n  m i n u t e s  
aft e r  co m p l e t i o n  o f  t h e  cy a n i d e  add i t i o n .  T h e  s o l u t i o n  was  fi l t e r e d ,  
a n d  a d a r k  s o l i d  c o l l e c t e d  w a s  w a s h e d  w i t h  w a t e r  a n d  d r i e d .  Effo r t s  t o  
a n a l yz e  t h e  d a r k  s o l i d  fa i l e d .  O x i d a t i o n  a n d  i o n - e x c h ange  of  t h e  d a r k  
s o l i d  a l s o  fa i l e d  t o  g i v e  any  a n a l yzab l e  p r o d u c t .  The  o n ly i nfo r m a t i o n  
a b o u t  t h e  d a r k  s o l i d  w a s  t h a t  i t  gave t w o  p e a k s  w i t h  i n f r a r e d  s p e c t r a ,  
a t  2 2 4 0  a n d  2 2 2 0  cm- 1 . 
4a. Reaction of cyanide jon with 1-benzyl-2-(acylamjno)pyrjdjnium bromide 1 7 
8 . 0 0 g  ( 0 . 02 m o l e )  o f  1 - b e nzy l - 2 - ( a cy l a m i n o ) py r i d i n i u m  b r o m i d e  
was  p l a c e d  i n  a l o n g  n e c k e d  p y r e x  1 00 m L  r o u n d  b o t t o m  fl a s k .  1 0  m L  
o f  w a t e r  a n d  3 0  m L  o f  a c e t o n e  w a s  a d d e d  t o  d i ss o l v e  t h e  s a l t .  T h e  
c o l o r l e s s  s o l u t i o n  was  f l u s h e d  w i t h  n i t r o g e n for  twe n ty - five  m i nu t e s .  
T h e  s o l u t i o n  w a s  fr oze n w i t h  l i q u i d  n i t r o g e n  a n d  w a s  fl u s h e d  f o r  f ive  
more  m i n u t e s .  4 . 00g  ( 0 . 0 8  m o l e )  o f  s o d i u m  cya n i d e  d i s s o l v e d  in  10  m L  
o f  w a t e r  was  fl u s h e d  w i t h  n i t r o g e n  fo r f i ft e e n  m i n u t e s  a n d  was  p o u r e d  
i n t o  t h e  fro z e n  l i qu i d .  T h e  r e a c t i o n  m i x t u r e  was  fu r t h e r  fl u s h e d  w i t h  
n i t r o g e n  f o r  t e n  m i n u t e s  u n t i l  t h e  s o l u t i o n  w a s  comp l e t e l y  f roz e n .  T h e  
fl a s k  was  s e a l e d  w i t h  a t o r c h  u n d e r  vacu u m .  
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A s  t h e  froze n s o l u t i o n  was  d e fro s t i ng , n o  c o l o r  c h a n g e  was  o b ­
s e r v e d .  T h e  fl a sk  w i t h  c o n t e n t  was  a l l owed  t o  s t a n d  a t  r o o m  t e m p e r a ­
t u r e  f o r  t h r e e  d a y s .  The  f l a s k  w a s  o p e n e d ;  s t i l l  n o  o b s e rvab l e  c h a nge 
o c c u r r e d  t o  the  r e a c t i o n  m i x t u r e .  Th e re fo r e ,  i t  was  d i v i d e d  i n to  two 
h a l v e s ;  one  h a l f  was  e v a p o r a t e d  t o  d r y n e s s  and was  fou n d  to  c o n t a i n  
o n e  h u n d r e d  p e r c e n t  o f  t h e  s t a r t i n g  m a t e r i a l s  ( py r i d i n i u m  s a l t  1 7  a n d  
s o d i u m  cya n i d e ) .  T h e  o t h e r  h a l f  was  h e at e d  to  a b o i l  o n  a b o t p l a t e .  As  
t h e  s o l u t i o n  b o i l e d ,  o i l  fo r m e d  at  t h e  bo t tom o f  the  fl a s k .  T h i s  o i l  was  
d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  and was  w a s h e d  s e v e r a l  t i m e s  w i t h  
w a t e r .  T h e  m e t h y l e n e  c h l o r i d e  s o l u t i o n  w a s  d r i e d  w i t h  m a g n e s i u m  
su l fa t e  f i l t e r e d  a n d  was  evap o r a t e d  w i t h  a r o ta ry e v a p o r a t o r .  T h e  o i l  
w h i ch r e m a i n e d  i n  t h e  fl a s k  s o l i d i f i e d  o n  s t a n d i n g  a t  r o o m  t e m p e r a ­
t u r e .  I t  was  fo u n d  t o  b e  1 - b e nzy lpyr i d i n i u m - 2 - a cy l i m i d e  6 6  mp 62 -
63 0C .  I R  ( N e a t ) :  3063 ,  1 6 3 6 , 7 5 0  cm· 1 . 1 H NMR ( D M S O - d 6 ) : a 7 . 9 - 8 . 2  
( m ,  2 H ,  6 - H ,  3 - H ) ,  7 . 2- 7 . 7 7 ( m , 6 H ,  4 - H ,  Ar- H ) ,  6 . 5 - 6 . 9  ( m ,  1 H ,  5 - H ) ,  
5 . 5  ( S ,  2 H ,  1 - C H 2  p r o t o n s ) ,  2 . 3  ( S , 3 H ,  C H 3  p r o t o n s ) ,  1 3C N M R  
( D M S O - d 6 ) :  ppm 1 7 8 . 5  ( C  = 0 ) ,  1 5 7 . 0  ( C- 2 ) ,  1 3 9 . 3 ( C- 6 ) ,  1 3 6 . 5  ( C-4 ) ,  
1 2 7 . 5 - 1 2 8 . 3  ( a r o m a t a i c  C ' s ) ,  1 1 9 . 5  ( C - 5 ) ,  1 1 0 . 3  ( C - 3 ) .  G a s  
C h r o m a t ography/Mass  S p e c t r a  ( G S/ M S ) ,  ( c a l c u l a t e d  v a l u e s  i n  p a r e n ­
t h e s i s ) :  m / z  2 2 6 ,  C t 4 H t 4 N 2 0  ( 2 2 6 ) ;  2 1 1 ,  C 1 3H 1 1 N 2 0  ( 2 1 1 ) ;  1 8 3 ,  
C 1 2H 1 1 N 2  ( 1 8 3 ) ;  9 1 ,  C 7 H 7  ( 9 1 ) .  
4b. Reaction of 1-benzylpyridinium-2-acylimide 66 with hydro2en bromide 
To c o nf i rm t h e  fo rmat i o n  of comp o u n d  6 6  a b o v e ,  2 . 00g  ( 0 . 0 1  m o l e )  
o f  6 6  w a s  d i s s o l v e d  i n  1 0  m L  o f  w a t e r .  T h e  w a t e r  s o l u t i o n  w a s  m a d e  
a c i d i c  t o  l i t m u s  p a p e r  w i t h  a q u e o u s  h y d r o g e n  b r o m i d e .  C o m p o u n d  6 6  
was  n o t  v e ry s o l u b l e  i n  w a t e r ,  b u t  d i ss o l v e d  i m m e d i a t e l y  w h e n  t h e  
w a t e r  s o l u t i o n  b e ca m e  a c i d i c .  Eva p o r a t i o n  o f  t h e  w a t e r  g a v e  a w h i t e  
s o l i d  i n  t h e  fl a s k .  T h e  s o l i d  was  r e crys t a l l i ze d  f r o m  9 5 %  e t h a n o l  e t hy l  
e t h e r  to  g ive  the  s a l t ,  1 -b e n zy l - 2 - ( a cy l am i n o ) p yr i d i n i u m  b r o m i d e ,  1 7 , 
2 . 3 6g ( 9 0 % ) .  M e l t i n g  p o i n t ,  i nfr a r e d ,  a n d  N M R  s p e ct r o s c o p i c  a n a l y s i s  
o f  t h i s  comp o u n d  w e r e  i d e n t i ca l  w i t h  t h o s e  o f  c o m p o u n d  1 7 , p r e p a r e d  
by  t h e  r e a c t i o n  o f  1 7a w i t h  b e n zy l  b r o m i d e .  
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5. Reaction of cyanide ion with 1-benzyl-2-cyanopyridinium bromide 19 
1 5 . 0 0g ( 0 . 0 5  m o l e )  o f  1 -b e n z y l - 2 - cy a n opy r i d i n i u m  b r o m i d e  d i s ­
s o l v e d  i n  3 0  m L  o f  w a t e r  w a s  p l a c e d  i n  a fl a s k  a n d  fro z e n  w h i l e  fl u s h ­
i n g  w i t h  n i t roge n a s  d e s c r i b e d  f o r  t h e  r e a ct i o n  o f  cy a n i d e  i o n  w i t h  
c o m po u n d  1 7 . 1 7 . 5 0 g  ( 0 . 1 0  m o l e )  o f  s o d i u m  cy a n i d e  d i s s o l v e d  i n  7 
m L  o f  w a t e r  w a s  a d d e d .  The  c o l o r l e s s  s o l u t i o n  was  fr o z e n  w i t h  l i q u i d  
n i t r o g e n w h i l e  fl u s h i n g  i t  w i t h  oxygen  f ree  n i t r o g en .  T h e  f la s k  was  
corked  a n d  s e a l e d  w i th  p a rafi l m  " M " . T h e  froz e n  s o l u t i o n  was  a l l ow e d  
t o  d e fro s t  a t  r o o m  t e mp e r a t u r e .  O n  d e fr o s t i n g ,  t h e  s o l u t i o n  b e c a m e  
b r o w n .  T h e  f l a s k  w i t h  c o n t e n t  was  a l l ow e d  t o  s t a n d  a t  r o o m  t e m p e r a ­
t u r e  fo r twe n ty - fo u r  h o u r s .  W h e n  t h e  fl a s k  was  o p e n e d ,  o n l y  a d a r k  
b r o w n  s o l u t i o n  was  fou n d ,  n o  s o l i d  form e d .  The  d a r k  b r o w n  s o l u t i o n  
w a s  n o t  fu r t h e r  a n a lyze d .  
6 .  Reaction of cyanide ion with 1-benzyl-3-cyanopyridinium bromide 20 
Fo l l o w i n g  t h e  m e t h o d  d e s c r i b e d  for r e a c t i o n  o f  cya n i d e  i o n  w i t h  
c o m p o u n d  1 7 , 1 0 . 0 0 g  ( 0 . 0 3 m o l e )  o f  1 - b e n z y l - 3 - c y a n o p y r i d i n i u m  
b r o m i d e  i n  5 m L  o f  a c e t o n e a n d  3 0  m L  o f  w a t e r  was  p l a c e d  i n  a fl a s k .  
4 . 00g ( 0 . 0 8  m o l e )  of  s o d i u m  cy a n i d e  d i ss o l v e d  i n  5 m L  o f  w a t e r  w a s  
a d d e d .  The  f l a s k  w i t h  t h e  c o l o r l e s s s o l u t i o n  was  c o r k e d ,  w r a p p e d  w i t h  
p a r a f i l m  " M "  a n d  a l l o w e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  t e n  
m i n u t e s ,  w h e n  a n  o i l  l a y e r  for m e d .  The  f l a s k  was  o p e n e d  a n d  t h e  
w a t e r - a c e t o n e  s o l u t i o n  w a s  d e c a n t e d .  T h e  o i l  w a s  d i s s o l v e d  i n  
m e t h y l e n e c h l o r i d e  a n d  d r i e d  w i t h  p o t a s s i u m  c a r b o n a t e ,  a n d  
m e t h y l e n e  c h l o r i d e  w a s  e v a p o r a t e d .  T h e  r e m a i n i n g  o i l  w e i g h e d  
( 6 . 9 6 g ,  8 5 % ) .  S p e c t r o s cop i c  a n a l y s i s  o f  t h e  o i l  s h o w e d  1 - be nzy l -3 , 4 -
d i cy a n o - 1 , 4 - d i hy d ropyr i d i n e  6 9 .  I R  ( N e a t ) :  3 0 6 0 ,  2 9 4 0 ,  2 240 ,  2 2 0 0 ,  
1 6 9 0 ,  1 6 0 0  cm- 1 . 1 H N M R  ( D M S O - d6 ) :  o 7 . 4 3 - 7 . 4 9  ( S ,  1 H ,  2 - H ) ,  7 . 3 5  
( S ,  5 H ,  A r - H ) ,  6 . 2 9 - 6 . 3 7  ( d ,  1 H ,  6 - H ) ,  4 . 7 3 - 4 . 7 8  ( m ,  1 H ,  5 - H ) ,  4 . 6 5 -
4 . 7 0  ( d ,  1 H ,  4 - H ) ,  4 . 5 0  ( S , 2 H ,  1 -C H z  p r ot o n s ) .  1 3C N M R  ( D M S O - d6 ) :  
p p m  1 4 5 . 2 ( C - 6 ) ,  1 3 6 . 9  ( C - 4 ) ,  1 3 0 . 9  ( C - 2 ) ,  1 2 7 . 4 - 1 2 8 . 7  ( C- 5  a n d  
a r o m a t i c  C ' s ) ,  1 1 9 . 2  ( CN a t  C-4 ) ,  9 6 . 0  ( C- 3 ) ,  7 2 . 8  ( C N ,  a t  C-3 ) ,  5 6 . 3  
( C  of  1 - C H z ) .  
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7. Reaction of cyanide ion with 1-benzyl-2-ethylpyridinium bromide 22 
A 2 5 0  m L  l o n g  n e c k  fl a sk  c o n t a i n i ng 1 0 . 00g  ( 0 . 03 m o l e )  o f  1 -b e n ­
zyl - 2 - e t h y l p yr i d i n i u m  b r o m i d e  d i s s o l v e d  i n  3 0  m L  o f  w a t e r  a n d  1 5  m L  
of  a c e t o n e  was  fl u s h e d  w i t h  n i t ro g e n  fo r t h i r ty  m i n u t e s  a n d  fro z e n  
w i t h  l i q u i d  n i t roge n .  To t h e  froze n s o l u t i o n ,  was  a d d e d  4 . 00g ( 0 . 0 6  
m o l e )  of  p o t a s s i u m  cya n i d e  d i s s o l v e d  i n  5 m L  o f  w a t e r  w h i c h  b a d  b e e n  
fl u s h e d  w i t h  n i t r og e n .  T h e  fl a s k  w i t h  t h e  fro z e n  s o l u t i o n  w a s  s t o p ­
p e r e d  w i t h  a c o r k ,  w r a p p e d  w i t h  p a r a fi l m  " M " ,  a n d  was  p e r m i t t e d  t o  
s t a n d  a t  r o o m  t e mp e r a t u r e  f o r  t h r e e  d a y s .  O n  d e fr o s t i n g  t h e  c o l o r l e s s  
s o l u t i o n  t u r n e d  b l u e .  
T h e  t h i rd day ,  t h e  fla s k  w a s  o p e n e d  a n d  t h e  d a r k  s o l i d  t h a t  b a d  
for m e d  w a s  fi l t e r e d ,  w a s h e d  q u i c k l y  w i t h  w a t e r  a n d  w a s  p l a c e d  i n  a 
9 5 %  e t h a n o l - a c e t o n e - i o d i n e  s o l u t i o n  w h i c h  b a d  b e e n  f lu s h e d  w i t h  
n i t r o g e n .  T h e  fl a s k  w i t h t h e  i o d i n e  s o l u t i o n  w a s  a l l owed  t o  s t a n d  a t  
r o o m  t e mp e ra t u r e  f o r  t w e n ty-four  h o u r s .  I t  was  p a s s e d  t h rough  a n  
i o n - ex c h a n g e  r e s i n  a s  d e s c r i b e d  above . T h e  r e s u l t i ng s o l u t i o n  was  
evap o r a t e d ,  and  a d a r k  so l id  was  l e ft i n  t h e  fl a s k .  A l l  t r i a l s  t o  i s o l a t e  
t h e  e x p e c t e d ,  1 , 1  ' - d i b e n z y l - 2 , 2 ' - d i e t by l - 4 , 4 ' - b i py r i d i n i u m  d i b r o m i d e  
fa i l e d .  I n  s o m e  t r i a l s , t h e  9 5 %  e t h a n o l -w a t e r  s o l u t i o n  o f  t h e  d a r k  s o l i d  
t u r n e d  b l u e  i n  t h e  p r e s e n ce o f  s o d i u m  d i t h i o n i t e .  A l s o ,  a r a d i ca l  was  
fo u n d  t o  b e  p r e s e n t  in  the  w a t e r -ace t o n e  s o l u t i o n  o f  the  r e a c t i o n  of  
1 - b e n z y l - 2 - e t h y l py r i d i n i u m  b r o m i d e  wi th  cyan i d e  ion  by  e l e ct r o n  s p i n  
r e s o n a n ce s p e c t r o s co p y .  
8 .  Reaction of cyanide jon with 1-ben:zyl-2-(bydrozyrnethyl)pyridinium bromide 24 
I n  a l o n g - n e c k e d  pyrex  fl a s k  was  p l a c e d  1 2 . 00g ( 0 . 04 m o l e )  o f  
1 -b e n z y l - 2 - ( h y d roxy m e t h y l )  pyr i d i n i u m  b r o m i d e  d i s s o l v e d  i n  4 0  m L  o f  
w a t e r  a n d  1 5  m L  o f  a ce t o n e .  T h e  c o l o r l e s s  r e s u l t i ng s o l u t i o n  was  
fl u s h e d  w i th  oxyg e n  fre e  n i t r og e n  for  t h i r ty  m i n u t e s  and  was  fro z e n  
w i t h  l i q u i d  n i t roge n .  T h e  fro z e n  s o l u t i o n  was  fl u s h e d  f o r  t e n  m o r e  
m i nu t e s  a n d  5 . 0 0g ( 0 . 0 7  m o l e ) of  p o t a s s i u m  cya n i d e  i o n  d i s s o l v e d  i n  
1 0  m L  o f  w a t e r  w a s  fl u s h e d  w i t h  n i t roge n a n d  a d d e d  s l ow l y .  Th e r e a c ­
t i o n  m i x t u re w a s  fro z e n  c o m p l e t e l y  w h i l e  f lu s h i ng w i t h  n i t roge n .  T h e  
fl a s k  w i t h  t h e  fro z e n  s o l u t i o n  was  s t o p p e r e d  w i t h  a c o r k ,  wrappe d w i t h  
p a rafi l m  " M "  a n d  a l l ow e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  for  4 8  h o u r s .  
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T h e  d a r k  s o l i d  t h at for m e d  was  fi l t e re d ,  w a s h e d  w i t h  w a t e r ,  a n d  
i m m e d i a t e l y  p l a c e d  i n  a s o l u t i o n  o f  5 . 00g  ( 0 . 03 m o l e )  o f  i o d i n e  i n  5 0  
m L  o f  9 5 %  e t h a n o l  a n d  5 0  m L  o f  a c e t o n e  w h i c h  h a d  b e e n  fl u s h e d  by 
b u b b l i n g  n i t r o g e n  t h r o u g h  i t .  The B u c h n e r  fu n n e l  was  w a s h e d  w i t h  
a c e t o n e  t o  a s s u r e  t h e  r e m o v a l  o f  a l l  t h e  s o l i d .  T h e  f l a s k  c o n t a i n i ng t h e  
i o d i n e  s o l u t i o n  w a s  s t o p p e r e d  w i t h  a c o r k ,  w r a p p e d  w i t h  p a r a fi l m  a n d  
a l l ow e d  t o  s t a n d  a t  r o o m  t e m p e r a t u r e  fo r 4 8  h o u r s .  
T h e  i o d i n e  s o l u t i o n  w a s  p a s s e d  t h r o u g h  a c o l u m n  o f  i o n  e x c h a n g e  
r e s i n ,  w h i c h  h a d  p r e v i o u s l y  b e e n  s a t u r a t e d  w i t h  b r o m i d e  i o n .  To e n ­
s u r e  c o m p l e t e  e x c h a n g e  o f  a n i o n s  ( b r o m i d e  f o r  c ya n i d e ,  c h l o r i d e ,  
e t c . ) ,  t h e  s o l u t i o n  w a s  p a s s e d  t h r o u g h  t h e  i o n- e x c h a n g e  c o l u m n  twi c e .  
To d i s s o l ve  a l l  t h e  d a r k  s o l i d ,  t h e  9 5 %  e t h a n o l - a c e t o n e  s o l u t i o n  was  
w a r m e d  g e n t l y  o n  a hot  p l a t e .  
T h e  i o n - e x c h a n g e d  s o l u t i o n  w a s  r o t ary  e v a p o r a t e d  to  d r y n e s s .  T h e  
d a r k  y e l l o w s o l i d  o b t a i n e d  aft e r  e v a p o r a t i o n  o f  t h e  s o l v e n t s  w a s  
w a s h e d  s e v e r a l  t i m e s  w i t h  d i s t i l l e d  w a t e r .  T h e  w a t e r  s o l u t i o n  was  
d e c o l o r i z e d  w i t h  c h a r c o a l  and e v a p o r a t e d  l e a v i ng a y e l l ow s o l i d  t h a t 
was  d i s s o l v e d  i n  a m i n i m u m  a m o u n t o f  a b s o l u t e  e t h a n o l . A d d i t i o n  o f  
a n hy d r o u s  e t h y l  e t h e r  p r e c i p i t a t e d  a y e l low s o l i d  t h a t  w a s  r e c ry s t a l l ­
i z e d  from 9 5 %  e t h a n o l - e t hy l  a c e t a t e  to  g ive  1 4 .4 1 g  ( 6 0 % )  o f  1 , 1 ' ­
d i b e n zy l - 2 , 2 ' - b i s  ( h y d r o x y m e t h y l ) - 4 , 4 ' - b i p y r i d i n i u m  d i b r o m i d e  7 5 ,  
mp 1 9 0 °C ( D e c ) .  I t  s h o u l d  b e  n o t e d  t h a t  p o t a s s i u m  b r o m i d e  w a s  a l s o 
i s o l a t e d  from t h e  i o n - ex c h a n g e d  s o l u t i o n .  I R  ( K B r ) :  3 3 6 0 ,  3 1 00 ,  
1 6 4 0 ,  7 3 0  cm- 1 . 1 H N M R  ( D M S O - d 6 ) : o 9 . 4 4 - 9 . 4 9  ( b r o a d ,  2 H ,  6 ,  6 ' ­
H ' s ) ,  8 . 7 8 - 8 . 9 5  ( b ro a d ,  4 H ,  5 ,  5 ' - H s ,  3 ,  3 ' - H s ) ,  7 . 4 4  ( S ,  1 2 H ,  A r ,  A r ' ­
H s ,  O H ,  O H ' ) ,  6 . 0 7  ( S ,  4 H ,  1 - CH2, 1 - C H 2 '  p r o t o n s ) ,  5 . 0 0  ( S ,  4 H ,  
C H 20 H ,  C H 20 H '  p r o t o n s ) .  A n a l .  c a l c d :  f o r  C26H 26N 2 0 2 B n :  C ,  
5 5 . 9 2 ;  H ,  4 . 7 0 ;  N ,  5 . 0 2 .  Fou n d :  C ,  5 6 . 0 3 ;  H ,  4 . 7 2 ;  N ,  5 . 0 2 .  E l e c t r o n  
s p i n  r e s o n a n ce ( E S R )  s p e ct r o s c o p i c  a n a l y s i s  o f  t h e  e t h a n o l - a c e t o n e  
s o l u t i o n  o f  t h e  r e a c t i o n  o f  1 - b e n z y l - 2 - ( h y d ro x y m e t h y l )  p yr i d i n i u m  
b r o m i d e  w i t h  cy a n i d e  i o n  s h ow e d  t h e  p r e s e n c e  o f  a r a d i ca l .  
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9. Reaction of cyanide ion with 2-(2-hydroxYethyl)pyridjnjum bromide 23 
I n t o  a 2 5 0  m L  l o n g  n e ck f l a s k  was  p l a c e d  1 2 . 00g ( 0 . 04 m o l e )  o f  
1 - b e nzy l - 2 - ( 2 - h y d r oxye t h y l )pyr i d i n i u m  b r o m i d e ,  4 5  m L  o f  w a t e r ,  a n d  
2 5  m L  o f  a ce t o n e .  T h e  f l a s k  w a s  f l u s h e d  w i t h  oxyge n - f r e e  n i t r o g e n  for  
t h i r ty  m i n u t e s  and was  froz e n  wi th  l i qu i d  n i t r o g e n ,  5 . 00g  ( 0 . 0 7  m o l e )  
o f  p o t a s s i u m  cya n i d e  w a s  d i ss o l v e d  i n  7 m L  o f  w a t e r  a n d  w a s  a d d e d  t o  
t h e  f roze n s a l t  s o l u t i o n .  T h e  n i t r o g e n  was  p e r m i t t e d  to  b l ow o n  t h e  
f roze n s o l u t i o n  f o r  fi ft e e n  m o r e  m i n u t e s .  T h e  fl a s k  w a s  t h e n  s t o p ­
p e r e d  w i t h  a c o r k ,  w r a p p e d  s e v e r a l  t i m e s  w i t h  p araf i l m  " M "  a n d  a l ­
l o w e d  t o  s t a n d  a t  r o o m  t e m p e ra t u r e  for  t h r e e  d ay s .  O n  d e fr o s t i n g ,  t h e  
c o l o r l e s s  s o l u t i o n  t u r n e d  g r e e n  a n d  b e c a m e  d a r k e r  g r e e n  a t  t h e  e n d  o f  
t h e  r e a ct i o n .  T h e  d a r k  s o l i d  fo r m e d  was  s u c t i o n  f i l t e r e d ,  w a s h e d  w i t h  
w a t e r ,  a n d  i m m e d i a t e l y  p l a c e d  i n  a s o l u t i o n  o f  5 . 00g ( 0 . 0 3  m o l e )  o f  
i o d i n e  i n  5 0  m L  o f  9 5 %  e t h a n o l  a n d  5 0  m L  o f  a c e t o n e  w h i l e  fl u s h i ng 
n i t r o g e n  t h r o u g h  i t .  T h e  B u c h n e r  fu n n e l  was  w a s h e d  w i t h  9 5 %  e t h a n o l  
to  a s s u re t h e  r e m ov a l  o f  a l l  t h e  s o l i d .  T h e  i o d i n e  s o l u t i o n  w a s  warm e d  
o n  a h o t  p l a t e ,  h oweve r ;  i t  w a s  v e ry d i ff icu l t  to  com p l e t e l y  d i ss o l v e  
a l l  t h e  d a r k  s o l i d .  
T h e  f l a s k  w i t h  t h e  r e a ct i o n  m i x t u r e  was  s t o p p e r e d  w i t h  a c o r k ,  
w r a p p e d  w i t h  p a r a fi l m  " M " ,  a n d  a l l owed  to  s t a n d  a t  r o o m  t e mp e r a t u r e  
fo r tw e n ty - fo u r  h o u rs .  T h e  i o d i n e  s o l u t i o n  was  t h e n  p a s s e d  t h ro u g h  a 
c o l u m n  o f  i o n - e x c h a n g e  r e s i n  as d e s c r i b e d  for  t h e  r e a c t i o n  o f  cy a n i d e  
i o n  w i t h  1 - b e n zy l - 2 - ( hyd roxy m e t h y l )  pyr i d i n i u m  b r o m i d e .  
Ev a p o r a t i o n  o f  t h e  s o l u t i o n  gave a d a r k  y e l l ow s o l i d  t h a t  was  
w a s h e d  fo u r  t i m e s  w i t h  water .  T h e  water  s o l u t i o n  was  e v a p o r a t e d  and 
the  y e l l ow s o l i d  t h a t  r e m a i n e d  i n  the  f lask  was  not  s t a b l e  w h e n  fi l ­
t e r e d .  E f fo r t s  t o  i s o l a t e  t h e  e x p e c t e d , l , 1 ' - d i b e n zy l - 2 , 2 ' - b i s ( 2 -
hyd roxy e t h y l ) -4 , 4 ' - b ip y r i d i n i u m  d i b r o m i d e  fa i l e d .  I t  s h o u l d  b e  n o t e d  
t h at t h e  s o l u t i o n  o f  t h i s  y e l l ow s o l i d  i n  9 5 %  e t h a n o l -w a t e r  t u r n s  b l u e  
i n  t h e  p r e s e n c e  o f  s o d i u m  d i t h i o n i t e .  A l s o ,  e l e c t r o n  s p i n r e s o n a n c e  
( E S R )  s p e ct r o s copy s h ow e d  t h e  p r e s e n c e  o f  a r a d i c a l  i n  t h e  9 5 %  
e t h a n o l - a c e t o n e  s o l u t i o n  o f  1 -b e n zy l - 2 - ( 2 - h y d r o xy e t h y l ) py ri d i n i u m  
b r o m i d e  w i t h  cya n i d e  i o n .  
1 2 1  
10. Reaction of cyanide ion with 1-benzyl-2-methylpyridinium bromide 25 
l O . OOg ( 0 . 03 m o l e )  o f  1 -b e n zy l -2 - m e t h y l p y r i d i n i u m  b r o m i d e  25 , 
2 0  m L  o f  a c e t o n e  a n d  3 5  mL o f  w a t e r  was  p l ac e d  i n t o  a l o ng  n e ck e d  
f l a s k .  T h e  f l a s k  w i t h  c o n t e n t  w a s  fl u s h e d  w i t h  n i t r o g e n a n d  froz e n  a s  
d e s c r i b e d  a b o v e .  A s o l u t i o n  o f  4 . 00g ( 0 . 0 8  m o l e )  o f  s o d i u m  cya n i d e  
w a s  d i s s o l v e d  i n  1 0  m L  o f  w a t e r ,  fl u s h e d  w i t h  n i t r o g e n ,  a n d  a d d e d  t o  
t h e  fro z e n  s a l t  s o l u t i o n .  T h e  f l a sk  was  s e a l e d  w i t h  a t o r c h  u n d e r  
vacu u m  w h i l e  i n  t h e  l i q u i d  n i t roge n .  T h e  s e a l e d  f l a s k  w i t h  t h e  c o n ­
t e n t s  was  a l l ow e d  t o  d e fr o s t  a t  r o o m  t e m p e r a t u r e .  T h e  s o l u t i o n  w a s  
c o l o r l e s s  a t  fi r s t ,  t u r n e d  b l u e - g r e e n  a ft e r  t w e n ty-f ive  m i n u t e s  a n d  
t u r n e d  co m p l e t e l y  d a r k  b l u e  a ft e r  fou r  h o u r s .  T h e  f l a s k  w i t h  t h e  d a r k  
b l u e  s o l u t i o n  was  a l l owed  t o  s i t  a t  r o o m  t e m p e r a t u r e  fo r o n e  w e e k .  A 
d a r k  s o l i d  a p p e a r e d  a ft e r  twe n ty - four  h o u r s .  At  t h e  e n d  o f  t h e  r e ac ­
t i o n ,  t he  f l a s k  was  o p e n e d  a n d  the  d a r k  s o l i d  was  fi l t e r e d  a n d  q u i c k l y  
d i s s o l v e d  i n  a c i d i c  e t h a n o l  s o l u t i o n  ( 9 5 %  e t h a n o l  m a d e  a c i d i c  w i t h  
H C l ) .  T h e  a c i d i c  e t h a n o l  was  h e a t e d  t o  com p l e t e l y  d i s s o l v e  a l l  t h e  
s o l i d .  Oxyge n g a s  was  t h e n  fl u s h e d  t h r o u g h  t h e  s o l u t i o n  fo r  f o u r  
h ou r s .  T h e  s o l u t i o n  was  a l l owed  t o  s t a n d  i n  a i r  a t  r o o m  t e m p e r a t u r e  
for  twe n ty - f o u r  h o u r s .  
T h e  s o l u t i o n  was  t h e n  p a s s e d  t h r o u g h  a c o l u m n  o f  i o n  e x c h a n g e  
r e s i n  a s  d e s c r i b e d  fo r t h e  r e a c t i o n  o f  cya n i d e  i o n  w i t h  1 -b e n zy l - 2 -
( h y d r oxyme t h y l ) pyr i d i n i u m  b r o m i d e .  A g a i n  t o  e n s u r e  com p l e t e e x ­
c h a n ge o f  i o n s ,  t h e  s o l u t i o n  w a s  p a s s e d  t h ro u g h  t h e  c o l u m n  m o r e  t h a n 
o n e  t i m e .  E v a p o r a t i o n  o f  t h e  i o n - e x c h a n g e d  s o l u t i o n  gave a d a r k  
y e l l o w  s t i c k y  p r o d u c t  t h a t  w a s  w a s h e d  s e v e r a l  t i m e s  w i t h  w a t e r .  
D e c o l o r i z a t i o n  a n d  evap o r a t i o n  o f  t h e  w a t e r  gave  a y e l l ow s o l i d  t h a t  
d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  t o  g i v e  a w h i t e  s o l i d  i d e n t i fi e d  a s  
s o d i u m  b r o m i d e ,  o r  s o d i u m  c h l o r i d e .  T h e  a d d i t i o n  o f  a n  a n hy d r o u s  
e t h y l  e t h e r  t o  t h e  y e l l o w  e t h a n o l  s o l u t i o n  p r e c i p i t a t e d  a y e l l o w  s o l i d  
w h e n  c o o l e d  i n  t h e  r e fr i g e r a t o r  for t h r e e  d ay s .  Re crys t a l l i z a t i o n  o f  
t h e  y e l l ow s o l i d  w i t h  9 5 %  e t h a n o l - e t hy l  e t h e r  gave  6 . 0 0 g  ( 3 0 % )  of  
1 , 1  ' - d i b e n z y l - 2 , 2 ' - d i m e t h y l - 4 , 4 ' - b i py r i d i n i u m  d i b r o m i d e  8 1 , m p 
2 3 8 ° C ( D e c ) .  I R  ( K B r ) :  3 060 ,  2 9 8 0 ,  1 64 0 ,  7 3 0  c m - 1 . 1 H N M R  ( D20 ) :  
c:5 9 . 0 1 - 9 . 0 8  ( d ,  1 H , 6 ,  6 ' - H s ) ,  8 . 3 6 - 8 . 4 8  ( m ,  4 H ,  5 ,  5 ' - H s ,  3 ,  3 ' - H s ) ,  
7 . 4 2 - 7 . 4 9  ( m ,  5 H ,  A r ,  A r ' - H s ) ,  5 . 9 5  ( S ,  4 H ,  1 - C H 2 , 1 - C H 2 '  p r o t o n s ) ,  
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2 . 9 6  ( S ,  6 H ,  C H 3 ,  C H 3 '  a t  C - 2 ,  C- 2 ' ) .  1 3C N M R  ( D 2 0 ) :  p p m  1 6 0 . 0  
( C - 2 ,  C-2 ' ) ,  1 5 2 . 5  ( C - 6 ,  C - 6 ' ) ,  1 4 8 . 9  ( C- 4 ,  C-4 ' ) ,  1 3 4 . 3  ( C- 3 ,  C - 3 ' ) ,  
1 3 0 . 7 - 1 3 2 . 2  ( a r o m a t i c  C s ) ,  1 2 6 . 9  ( C - 5 ,  C-5 ' ) , 5 6 . 9 9  ( C  o f  C H 3 ,  C H 3 ' ) .  
E l e c t r o n  s p i n  r e s o n a nce  ( ES R )  s p e c t o s c op i c  i n v e s t i g a t i o n  o f  t h e  9 5 %  
e t h a n o l - a c e t o n e  s o l u t i o n  o f  1 - b e n zy l - 2 - m e t h y l p y r i d i n i u m  b r o m i d e  
w i t h  cya n i d e  i o n  s h ow e d  t h e  p r e s e n c e  o f  a r a d i c a l .  
A n a l .  c a l c d .  fo r C26H 26N 2 B n :  C ,  5 9 . 3 3 ;  H ,  4 . 9 9 ;  N ,  5 . 3 2 .  Fou n d :  C ,  
5 9 . 1 3 ;  H ,  5 . 0 6 ;  N ,  5 . 2 6 .  
1 1 . Reaction of cyanide ion with 1-benzyl-4-metbylpyridjnjum bromide 27 
A s o l u t i o n  of 5 . 0 0 g  ( 0 . 0 2  m o l e )  of 1 -b e nzy l - 4 - m e t h y l py r i d i n i u m  
b r o m i d e , 2 7  i n  1 5  m L  of  w a t e r  a n d  5 m L  o f  a c e t o n e  w a s  fl u s h e d  w i t h  
n i t ro g e n  a n d  fr oze n a s  d e s c r i b e d  a b ove . A s o l u t i o n  o f  2 . 00g  ( 0 . 04 
m o l e )  o f  s o d i u m  cy a n i d e  d i s s o l v e d  i n  5 m L  o f  w a t e r  was  a l s o  fl u s h e d  
w i t h  n i t roge n a n d  a d d e d  t o  t h e  fro z e n  s a l t  s o l u t i o n .  As  d e sc r i b e d  fo r 
t h e  r e a ct i o n  o f  c o m p ou n d  24 w i t h  cy a n i d e  i o n ,  t h e  fl a s k  w i t h  t h e  
r e a ct i o n  m i x t u re w a s  s e a l e d  w i t h  a t o r c h  a n d  a l l ow e d  t o  d e fro s t  a t  
r o o m  t e m p e r a t u r e .  O n  d e fr o s t i n g ,  t h e  s o l u t i o n  t u r n e d  g r e e n  a n d  
r e m a i n e d  gre e n  fo r seve n t y - two h o u r s .  Aft e r  t h i s  t i m e ,  t h e  f l a s k  was  
o p e n e d  and n o  s o l i d  form e d .  I t  was  o b s e rv e d  that  the  p r e s e n ce of  
oxyg e n  d id  not  affe ct the  c o l o r  of  t h i s  s o l u t i o n .  A l s o ,  the  g r e e n  c o l o r  
d i s a p p e a r e d  w h e n  t h e  s o l u t i o n  w a s  l e f t o p e n fo r t h e  a c e t o n e  t o  
e v a p o r a t e .  Fu r t h e r  i nv e s t i g a t i o n  of  t h i s  g r e e n  s o l u t i o n  s h ow e d  t h a t  
t h e  s o l u t i o n  t u r n e d  gre e n  o n ly w h e n  a c e t o n e  w a s  p r e s e n t .  I n  t h e  a b ­
s e n c e  o f  a c e t o n e ,  t h e  c o l o r l e s s  s o l u t i o n  r e m a i n e d  c o l o r l e s s ,  a n d  t h e  
s t a r t i n g  m a t e r i a l s  w e r e  re cove r e d  i n  a l m o s t  o n e  h u n d r e d  p r e c e n t .  
E l e c t r o n  s p i n  r e s o n a n ce ( E S R )  s p e c t r o s c o p i c  i n ve s t i g a t i o n  o f  t h e  
gre e n  s o l u t i o n  c o n fi r m e d  t h e  a b s e n c e  o f  a r a d i c a l .  T h e  gre e n  c o l o r  
c ou l d  b e  c a u s e d  by  c o n d e n s a t i o n  o f  comp o u n d  2 7  w i t h  a ce t o n e .  
12.  Reaction of cyanide jon with 1-benzyl-2 6-dimetbylpyridinium bromide 29 
Fo l l ow i n g  t h e  p r o c e d u re u s e d  for t h e  r e a ct i o n  o f  cya n i d e  i o n  w i t h  
1 -b e nzy l - 2 - ( acy l a m i n o ) p y ri d i n i u m  b r o m i d e ,  2 0 . 00g  ( 0 . 0 1  m o l e )  o f  1 -
b e n zy l - 2 , 6 - d i m e t hy l p y r i d i n i u m  b r o m i d e  was  d i s s o l v e d i n  2 5  m L  o f  
a c e t o n e  a n d  4 0  m L  o f  w a t e r .  A s o l u t i o n  o f  6 . 00g  ( 0 . 1 2  m o l e )  o f  
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s o d i u m  cyan i d e  d i s s o l v e d  i n  1 0  m L  o f  w a t e r  was  a d d e d .  A d a r k  s o l i d  
a p p e a r e d  a ft e r  t h r e e  d a y s ,  b u t  t h e  r e a c t i o n  w a s  a l l ow e d  t o  s t a n d  for 
s e v e n  d a y s .  The f l a s k  was  o p e n e d  and t h e  s o l i d  was  q u i c k ly s u c t i o n  
fi l t e r e d ,  o x i d i z e d  w i t h  a c i d i c  e t h a n o l  s o l u t i o n  a s  d e s c r i b e d  fo r t h e  
r e a c t i o n  o f  cy a n i d e  i o n  w i t h  c o m p o u n d  25 .  O x y g e n  w a s  b u b b l e d  
t h r o u g h  t h e  s o l u t i o n  for fo u r  h ou r s ,  a n d  t h e  s o l u t i o n  was  l e ft o p e n  i n  
t h e  a i r  a t  r o o m  t e m p e r a t u r e  for  two d a y s .  
T h e  9 5 %  e t h a n o l  s o l u t i o n  was  i o n - e x c h a n g e d  a s  d e s c r i b e d  e a r l i e r .  
Eva p o r a t i o n  o f  t h e  w a t e r  gave 8 . 00g  ( 2 0 % )  of  1 , 1 ' - d i b e n zy l - 2 , 2 ' , 6 , 6 ' ­
t e t r a m e t h y l - 4 , 4 ' -b i py r i d i n i u m  d i b r o m i d e  8 7  a s  a y e l l ow s o l i d .  I t  was  
r e c ry s t a l l i z e d  f r o m  9 5 %  e t h a n o l  e t hy l  e t h e r ,  m p  2 4 5 °C ( d e c ) .  I R  
( K B r ) : 3 2 3 3 ,  2 7 9 3 ,  1 6 87  cm- 1 . 1 H N M R  ( D 2 0 ) :  o 8 . 3 4  ( S , 4 H ,  5 ,  
5 ' - H s ,  3 ,  3 ' - H s ) ,  7 . 1 1 - 7 . 4 8  ( m ,  1 0H ,  A r ,  A r ' - H s ) ,  5 . 9 8  ( S ,  4 H ,  1 - CH 2 ,  
1 - C H 2 '  p r o t o n s ) ,  2 . 9 1  ( S ,  1 2 H ,  CH3, C H 3 '  a t  C - 6 ,  6 ' ,  C - 2 ,  2 ' ) .  I t  
s h o u l d  b e  n o t e d  t h a t  e l e c t r o n  s p i n  r e s o n a n ce ( E S R )  s p e c t r o s c o p i c  
i n v e s t i ga t i o n  o f  t h e  e t h a n o l - a c e t o n e  s o l u t i o n  of  t h e  r e a c t i o n  o f  1 - b e n ­
zy l - 2 , 6 - d i m e t h y l p y r i d i n i u m  b r o m i d e  w i t h  cy a n i d e  i o n  s h ow e d  t h e  
p r e s e n c e  o f  a r a d i ca l . 
· A n a l .  c a l c d .  fo r C2sH 3 o N 2 B r 2 :  C, 6 0 . 6 6 ;  H ,  5 . 4 6 ;  N ,  5 . 05 . Fo u n d :  C,  
6 0 . 5 5 ;  H ,  5 . 5 9 ;  N ,  4 . 9 4 .  
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E .  Debenzylation of the Djmers 75 and 81 
1. Formation of 2 2' -bjs(hydroxYJDethyl)-4 4' -bjpyridjne 89 
2 . 0 0 g  ( 0 . 1 6  m o l e )  o f  c o mp o u n d  7 5  was  p u t  i n  a fl a s k ;  1 . 8 9 g  ( 0 . 0 1  
m o l e )  o f  t r i p h e ny l p h o s p h i n e  w a s  a d d e d .  1 0  mL o f  d i m e t h y l f o r m a m i d e  
( D M F )  w a s  d r i e d  w i t h  p o t a s s i u m  c a r b o n a t e  a n d  was  h e a t e d  u n d e r  
r e f l u x  f o r  t e n  h o u r s .  Tr i p h e ny l p h o s p h i n e  d i s s o l v e d  c o mp l e t e l y  i n  
D M F  a t  r o o m  t e m p e r a t u r e ,  a n d  c o mp o u n d  7 5  d i s s o l v e d  p a r t i a l ly a t  
r o o m  t e mp e ra t u re b u t  d i s s o lv e d  comp l e t e ly w h e n  h e a t e d .  At  t h e  e n d  
o f  t h e  r e a c t i o n ,  t h e  f l a s k  w i t h  c o n t e n t  w a s  c o o l e d  i n  a r e fr i g e r a t o r  for 
t w e n ty - fo u r h o u r s .  
A w h i t e  s o l i d  p r e c i p i t a t e d  fr om t h e  D M F  s o l u t i o n .  T h i s  s o l i d  was  
w a s h e d  t w i c e  w i t h  e t hy l  a c e t a t e  a n d  was  r e c ry s t a l l i z e d  from 9 5 %  
e t h a n o l - e t h y l  e t h e r  t o  g i v e  a 2 . 6 0 g  ( 8 3 % )  o f  b e n zy l t r ip h e ny l p h o s ­
p h o n i u m  b r o m i d e  8 8  as  a w h i t e  s o l i d .  Comp a r i s o n  o f  t h e  n u c l e a r  mag­
n e t i c  r e s o n a n c e  ( N M R )  and i n fr a r e d  s p e c t r u m  o f  comp o u n d  88 w i t h  
a n  a u t h e n t i c  c o m m e r c i a l ly ava i l a b l e  samp l e  s h owe d t h e y  w e r e  i d e n t i ­
c a l .  
T h e  D M F  - e t hy l  a c e t a t e  s o l u t i o n  w a s  e v ap o r a t e d  t o  d r y n e s s  u s i n g  
a r o t a ry e v a p o r a t o r .  T h e  cru d e  s o l i d  l e ft i n  t h e  f l a s k  w a s  w a s h e d  t h r e e  
t i m e s  w i t h  e t h y l  e t h e r .  T h e  w a s h i n g  w a s  t o  r e m o v e  a l l  t h e  u n r e a c t e d  
t r i p h e n y l p h o sp h i n e .  The  e t h e r  wash  was  c o o l e d  i n  t h e  r e fr i g e r a t o r  fo r 
t h r e e  d ays ,  a n d  a w h i t e  s o l i d  p r e c i p i t a t e d .  S p e c t r o s c o p i c  a n d  e l e m e n ­
t a l  a n a l y s i s  o f  t h e  s o l i d  s h o w e d 0 . 7 0 g  ( 8 5 % )  o f  2 , 2 ' ­
b i s ( h yd r o xy m e t h y l ) - 4 , 4 - b i py r i d i n e  8 9 ,  m p  1 4 9 - 1 5 0°C ( K B r ) :  3 2 6 0 ,  
3 06 0 ,  2 8 6 0 ,  1 6 1 0 , 8 1 0  c m · 1 . 1 H N M R  ( CD C I 3 ) : o 8 . 6 2  ( b r o a d ,  2 H ,  6 ,  
6 ' - H s ) ,  7 . 8 6  ( S ,  2 H ,  3 ,  3 ' - H s ) ,  7 . 6 7 -7 . 7 1  ( d ,  2 H ,  5 ,  5 ' - H s ) ,  4 . 7 3 - 5 . 2 0  
( b r o a d ,  2 H ,  O H ,  O H ' ) ,  4 . 6 7  ( S , 4 H ,  C H 2 0 H ,  C H z O H ' ) ,  1 3C N M R  
( C D C I 3 ) ,  p p m  1 6 2 . 9  ( C-2 ,  C - 2 ' ) ,  1 4 9 . 4  ( C - 6 ,  C - 6 ' ) ,  1 4 5 . 2  ( C - 4 ,  C-4 ' ) ,  
1 1 9 . 3  ( C- 5 ,  C-5 ' ) ,  1 1 7 . 3  ( C - 3 ,  C-3 ' ) ,  6 4 . 1 ( C  o f  C H z O H  a n d  C o f  
C H zO H ' ) .  
A n a l .  c a l c d .  for C 1 2 H 1 2 N 2 0 2 ,  C ,  6 6 . 6 4 ;  H ,  5 . 60 ;  N ,  1 2 . 9 6 .  Fou n d :  C,  
6 6 . 1 1 ;  H ,  5 . 6 6 ;  N ,  1 2 . 3 6 .  
2 .  Formation of 2 2' -dimethyl-4 4'-bipyridyl dihydrochloride 9 1  
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2 . 00g  ( 0 . 0 1  m o l e )  o f  compou n d  8 1  was p l ac e d  i n  a fl a s k .  2 . 00g 
( 0 . 0 1  m o l e )  o f  t r i p h e n y l p h o sp h i n e  was  a d d e d  t o  t h e  f lask and 1 2  m L  
o f  N , N - d i m e t h y l fo r m a m i d e  ( D M F )  w a s  a d d e d .  T h e  fl a s k  w a s  e q u i p p e d  
w i t h  c o n d e n s e r  a n d  a c a l c i u m  c h l o r i d e  d r y i n g  t u b e .  T h e  s o l u t i o n  was  
h e a t e d  u n d e r  r e fl u x  fo r t e n  h o u rs .  T h e  fl a s k  w i t h  c o n t e n t  was  c o o l e d  
i n  t h e  r e fr i g e r a t o r  f o r  e i g h t e e n  h o u r s .  B e nzy l t r i p h e n y l p h o s p h o n i u m  
b r o m i d e  8 8  was  r e m o v e d  by f i l t r a t i o n  a n d  w a s h e d  w i t h  e t hy l  e th e r .  
C o l d  e t hy l  e t h e r  w a s  a d d e d  t o  t h e  D M F  s o l u t i o n  t o  p r e c i p i t a t e  t h e  
r e m a i n i n g  p h o s p h o n i u m  s a l t .  T h e  D M F- e t hy l  e t h e r  s o l u t i o n  w a s  
e v a p o r a t e d  w i t h  r o t ary  e v a p o r a t o r ,  a n d  t h e  s o l i d  t h a t  r e m a i n e d  i n  t h e  
f l a s k  w a s  d i s s o l v e d  i n  9 5 %  e t h a n o l  ( d r i e d  w i t h  p o t a s s i u m  carb o n a t e ) ,  
a n d  was  a c i d i fi e d  w i t h  d ry h y d r o g e n  c h l o r i d e  g a s .  As  s o o n  as  t h e  9 5 %  
e t h a n o l  s o l u t i o n  b e c a m e  a c i d i c ,  a w h i t e  s o l i d  fo r m e d  fr om t h e  s o l u ­
t i o n  b u t  t h e  s o l i d  g r a d u a l ly r e d i s s o lv e d  i n t o  t h e  a c i d i c  e t h a n o l  s o l u ­
t i o n .  A d d i t i o n  o f  a s m a l l  a m o u n t  o f  a n h y d r o u s  e t h y l - e t h e r  t o  t h e  
a c i d i c  e t h a n o l  s o l u t i o n  a n d  c o o l i n g  o f  t h e  s o l u t i o n  i n  a n  i c e  b a t h  
p r e c i p i t a t e d  0 . 8 2 g  ( 8 0 % )  o f  2 , 2 ' - d i m e t h y l - 4 , 4 ' - b i p y r i d y l  
d i hy d r o c h l o r i d e  9 1 ,  a s  a w h i t e  s o l i d .  1 H N M R  ( D 2 0 ) :  <:5 8 . 8 4 - 8 . 9 0  ( d ,  
2 H ,  6 - 6 ' - H s ) ,  8 . 3 9  ( S ,  2 H ,  3 ,  3 ' - H s ) ,  8 . 2 8 - 8 . 3 6  ( d ,  2 H ,  5 ,  5 ' - H s ) ,  2 . 87  
(S ,  6H ,  C H 3 ,  CH3 '  p r o t o n s ) .  
Complexes of 2-Substituted Pyridines and Bipyridine with Cobalt 
Thiocyanate 
1 .  Formation of 2-(hydroxymethyl)pyridine cobalt thiocyanate 
complex 93 
I n t o a 2 5 0  m L  E r l e n m e y e r  f l a s k  w a s  p l a c e d  l . O O g o f  c o b a l t  
t h i o c y a n a t e  C 0 ( S C N ) 2 .  2 0  m L  o f  a b s o l u t e  e t h a n o l  w a s  a d d e d  w h i l e  
w a r m i n g  t h e  s o l u t i o n  o n  a b o t  p l at e ,  a b l u e  s o l u t i o n  fo r m e d .  O n  a d d i ­
t i o n  o f  1 . 1 0g ( 0 . 0 1  m o l e )  o f  2 - ( hyd roxym e t h y l )  py r i d i n e ,  t h e  s o l u t i o n  
i m m e d i at e l y  t u r n e d  p u rp l e ,  a n d  a p u r p l e  s o l i d  p r e c i p i t a t e d .  T h e  fl a s k  
w i t h  c o n t e n t  was  w a r m e d  g e n t l y  o n  a b o t  p l a t e ,  a n d  t h e n  c o o l e d  i n  a n  
i c e  b a t h  fo r t w o  h o u rs .  T h e  s o l u t i o n  was  fi l t e r e d ,  t h e  s o l i d  c o l l e ct e d  
was  w a s h e d  w i t h  c o l d  a b s o l u t e  e t h a n o l ,  a n d  was  re cry s t a l l i z e d  from 
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h o t  m e t h a n o l  t o  y i e l d  0 . 9 0 g  o f  2 - ( h y d r ox y m e t hy l )  py r i d i n e  c o b a l t  
t h i o cy a n a t e  c o m p l e x  9 3 .  I R  ( K B r ) : 3 2 5 8 , 2 0 9 6 ,  1 5 9 6 ,  1 3 9 8 ,  1 02 8 ,  7 6 1  
- 1 e m  . 
A n a l .  c a l c d .  for  C 1 4 H 1 4N40zSzCo : C ,  4 2 . 7 4 ;  H ,  3 . 5 9 ;  N ,  1 4 . 2 5 .  
Fou n d :  C ,  4 2 . 7 6 ;  H ,  3 . 6 2 ;  N ,  1 4 . 2 0 .  
2 . Formation of 2 2' -Bis(hydroxymethyl)-4 4'-bipyridine cobalt 
thiocyanate complex 94 
To I . OOg ( 0 . 0 1  m o l e )  o f  c o m p o u n d  8 9  d i s s o o l v e d  i n  1 0  m L  o f  
a b s o l u t e  e t h a n o l  w a s  a d d e d  d ro p w i s e .  I . OOg o f  c o b a l t  t h i o c y a n a t e  d i s ­
s o l v e d  i n  1 5  m L  o f  a b s o l u te e t h a n o l .  S o l u t i o n  o f  c o m p o u n d  8 9  i n  
a b s o l u t e  e t h o n a l  w a s  a d d e d  d ropwi se  w i t h  s h a k i n g  t o  t h e  b l u e  s o l u ­
t i o n  o f  c o b a l t  t h i ocya n a t e  w h i l e  w a r m i n g  t h e  f l a s k  g e n t l y  o n  a h o t  
p l a t e .  T h e  b l u e  s o l u t i o n  t u r n e d  p u r p l e ,  a n d  a p u r p l e  s o l i d  p r e c i p i t a t e d  
i n s t a n t l y .  T h e  e t h a n o l  s o l u t i o n  w a s  i m m e d i a t e l y  d e c a n t e d  a n d  t h e  
s o l i d  was  r e d i s s o l v e d  i n  a f r e s h  a b s o l u t e  e t h a n o l .  T h e  r e a c t i o n  mix ­
t u re was  c o o l e d  i n  a n  i c e  b a t h  for  two h o u r s ;  t he  s o l u t i o n  was  fi l ­
t e r e d ,  a n d  t h e  s o l i d  w a s  w a s h e d  w i t h  c o l d  9 5 %  e t h a n o l ,  a n d  
r e c r y s t a l l i z e d  f r o m  h o t  m e t h a n o l  t o  g i v e  0 . 8 0 g  o f  2 , 2 ' ­
b i s ( h y d roxy m e t h y l ) - 4 , 4 ' - b ipyr i d i n e  c o b a l t  t h i o c y a n a t e  c o m p l e x  94 . I R  
( K B r ) :  3 1 64 ,  2 0 7 9 ,  1 6 0 5 ,  1 02 8 ,  8 1 3  cm - 1 . 
A n a l .  c a c l d .  f o r  ( C 1 4H 1 2N402S2C o ) n  C ,  4 2 . 9 6 ;  H ,  3 . 1 ;  N ,  1 4 . 3 2 ;  
Fou n d :  C ,  4 2 . 5 6 ;  H ,  3 . 5 9 ;  N ,  1 3 . 5 3 .  
3 .  Formation of 2-(2-hydroxyethyl)pyridine cobalt thiocyanate 
complex 96 
F o l l o w i n g  t h e  p r o c e d u r e  u s e d  f o r  t h e  c o m p l e x a t i o n  o f  2 -
( hy d r o xy m e t h y l ) py r i d i n e  9 2  w i t h  coba l t  t h i o c y a n a t e ,  1 5  m L  o f  ab­
s o l u t e  e th a n o l  was  p l a c e d  in  a f la sk ,  l . OOg c o b a l t  t h i o c y a n a t e  was  
a d d e d .  The  mix ture  was  w a r m e d  g e n t l y  on  a h o t  p l a t e  t o  c o m p l e t e l y  
d i ss o l v e  t h e  c o b a l t  t h i o cy a n a t e .  To t h i s  b l u e  s o l u t i o n  was  a d d e d  3 . 3 0g 
( 0 . 0 2  m o l e )  o f  2 - ( 2 - h y d r ox y e t hy l )  pyr i d i n e  9 5 .  T h e  s o l u t i o n  t u r n e d  
p i n k  i n  t w o  m i n u t e s  a n d  u p o n  w a r m i n g , a n  o r a n g e - p i n k  s o l i d  
p r e c i p i t a t e d  i n  a p p r o x i m a t e l y  o n e  m i n u t e  a ft e r  a d d i t i o n  o f  t h e  
py r i d i n e .  T h e  f l a s k  w i t h  c o n t e n t  was  c o o l e d  i n  a n  i c e  b a t h ,  t h e  s o l u -
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t i o n  was  fi l t e r e d  a n d  t h e  s o l i d  was  re crys ta l l i z e d  fro m  m e t h a n o l  to  
g i v e  2 . 00g  of  2 - ( 2- h y d roxyet h y l ) py r i d i n e  c o b a l t  t h i ocya n a t e  c o m p l e x  
9 6 .  I R  ( K B r ) :  3 2 0 7 ,  2 0 8 7 ,  1 4 99 ,  1 0 1 9 ,  4 1 7  cm - 1 . 
A n a l .  c a l c d .  for C t 6 H I S N 40 2S2Co,  C, 4 5 . 60 ;  H ,  4 . 3 1 ;  N ,  1 3 . 3 0 ;  Fou n d :  
C ,  4 5 . 6 8 ;  H ,  4 . 3 3 ; N ,  1 3 . 2 5 .  
G .  Complexes of 2-(hydroxyethyl)pyridine with nickel thiocyanate 
T h e  fo l l ow i n g  s o l u t i o ns w e r e  p r e p a r e d :  
( a ) .  A s a t u r a t e d  s o l u t i o n  o f  n i ck e l  t h i ocya n a t e  i n  a b s o l u te e t h a n o l  
w h i c h  w a s  s t i r r e d  fo r f ive d a y s  a n d  w a s  a l l owed  t o  s t a n d  for tw e n ty ­
f o u r  h o u r s  a t  r o o m  t e m p e r a t u r e .  ( b )  1 m L o f  2 -
( hy d roxym e t h y l ) p y r i d i n e  d i s s o l v e d  i n  5 m L  of  a b s o l u t e  e t h a n o l . T h e  
2 - ( h y d r o xy m e t h y l )pyr i d i n e  s o l u t i o n  w a s  p o u r e d  i n  a f l a s k  c o n t a i n i ng 
t h e  I i g h  t g re e n  n i  c k l e  t h i o cy a n a t e  s o l u t i o n .  U p o n  a d d i t i o n ,  t h e  l i g h t  
g re e n  s o l u t i o n  t u r n e d  d a r k  g r e e n  a n d  b l u e  s o l i d  p r e c i p i t a t e d  i n s t a n t l y .  
T h e  f l a s k  w i t h  c o n t e n t  w a s  c o o l e d  i n  a n  i c e  b a t h ,  a n d  t h e  b l u e  s o l i d  
w a s  fi l t e r e d ,  w a s h e d  t w i c e  w i t h  c o l d  a b s o l u t e  e t h a n o l .  Tr i a l s  t o  
r e c rys t a l l i z e  t h e  b l u e  s o l i d  fa i l e d ,  b u t  t h e  i n fr a r e d  s p e c t r u m  a n d  t h e  
e l e m e n t a l  a n a l y s i s  s h owed  t h a t  t h e  b l u e  s o l i d  was  p u r e .  I R  ( K B r ) :  
3 1 7 6 ,  2 1 05 ,  1 6 0 5 ,  1 2 6 6 ,  1 02 7 ,  7 5 9  cm- 1 . 
A n a l .  ca l d .  for C 1 4H 1 4 N 4 0 2 S 2 N i ,  4 2 . 7 7 ;  H ,  3 . 6 0 ;  N ,  1 4 . 2 5 .  Fo u n d :  C, 
4 2 . 8 8 ;  H, 3 . 6 8 ;  N, 1 4 . 1 2 .  
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8 . 6 2 1  
7 . 8 5 8  
7 . 6 7 2  
4 . 6 8 6  
2 . 5 7 2  
0 . 0 1 0  
I N T% 
2 5 1 0  
3 6 9 9  
3 5 4 8  
6 3 3 4  
1 1 7 7  





















 (.) N 
:I: 0 :I: 
u




















· ,-� r --




















C,,, <;'•.J •:r·, IJ"• -
·• •.o:o 
,-,-, 












.r • '' , J 
o·r • 










·:�: :. : ·:: 
: ·:�:: 
�-L � 































r··-� •- ··.:, 
·, ' 
;o r···>� ·· � -
--· 
, · , 
r .. ·_, ..,,. 












·-.• '· L' •:1:o 






























































rn l f.J ; 
1 
1 n  J 
(\j 
I 
i L l  
� �  .:!< 
, _  . ([ l ) 
1-- (\j � - . 
,_ I  
I -
i 
� �- � 
""- - . 
<L: tn  
rr � �  
f--· 
. , ' CJ l . I 
d � 
� •  I 
C:l 




/sc•---. . . � . . - - -�- - ·� 
\ 
.
. . .. . .
. ·.·.·.-:--r::::
· . . NCS 
Lt �SO 
CHJ __ : o ," 
37oo 
n 
3 r so 2B-oo 
W A V E � I U M B E R  
2050 t soo 
F igure 1 18 .  I R  Spectrum ( KBr) of 2 , 2 ' -Bi s ( Hydroxymethyl ) -
4 , 4 ' -Bipyri d i ne Coba l t  Thi ocyanate Comp l ex 94 
































-g � 0 Q. § u .._ 0 s s.. .... u QJ Q. V) QJ u c "' .... u QJ � QJ ez: 
1-' P �I 
!l . 9 0 -l  
H . 8 3 9  
t> . 3 n 
8 . 3 5 9  
8 . 2 8 3  
I .  7 · I I 
I . � 2 5 
· I .  0 9  7 
2 . 6 0 4  
2 . 0 1 6  
J .  6 8 9  
L N T% 
8 0 2  
9 6 9  
1 0 2 6  
7 4 0  
4 3 5  
1 7 3 
5 0 4 2 
1 5 9 
2 2 2  
1 4 6  
·I 7 7 1 
+M �:3 H-N�N - H  
2CI-
F i g ure 120 . l H-NMR Spectrum (90MHz) of 2 , 2 ' -Dimethyl -





1. o �j��!JI'mu�uam " ·���·=e.. llllllllllllllllllllllllll�llllmlllllllllmllllllllllil�llllmlllllmll\11 
0 8  
� 0 6 z 
� � .. 
< 
� o ... 
0 '  
0 l }d�t:J�  
F i gure 1 2 1 . I R  Spectrum (KBr) of 2 - ( Hydroxymethyl } pyridine 
Cobal t Th i ocyanate Compl ex 93 . 





0 8  
0 6 
0 '  
4d0.rl ---���!�!,!M:�!_I.!.__ifilt I .!'",()() I hilt) 
I 
.. , [ " ' I 
I ' o i : !  
. I I 
I . , � � ! · , I .  I 
J._ . J  
�--��- · 
I I ' 




' '::..!:,:H 1..;t.t I r.:;'J __  2•!_Ll _ _ �' _ _ _ __ _ _ _;,>.:u 
F igure 122 . I R  Spectrum (KBr) of 2 - ( 2 -Hydroxyethyl ) pyrid i ne 
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